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Thermo-Ammeters, Milliammeters 
and Current-Squared Meters... 


For Radio Service 


/e8 


=; Model 425 deckedinente 


(314 inches flange diameter) 


are particularly adapted for use on small- 
size Radio panels where space is an im- 


portant factor. 


wPhese Instruments are unaffeeted by 

température chafiges; have'50% safe over- 
load capacity; are low ifi pdwer con- 
sumption. 


490 


They are for use on Audio and Radio 
frequencies. 


use on wave meters and wherever decre- 
ment measurements are to be made. 


Write for information 


< The Current Squared Meter is ideal for 
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Weston Electrical Instrument Company, 27 Weston Ave., Newark, N. J. 
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With The OMNIGRAPH 


The Omnigraph Automatic Transmitter will teach you the Code—at home—in the shortest possible time and at the 


least possible expense. 
nental messages, by the hour, at any speed you desire. 
quickly qualify you to pass the examination for a first grade license. 


THE OMNIGRAPH MFG. CO, 
Cortlandt Street, New York. 
Gentlemen:—I wish brie 
cently I was successful in 
that igraph was my prin 
I took a four weeks course 


bloke for the others was 
graph messages 


I believe 
International Morse C 
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—— to get my Code to to the” proper 
was one tue in 2 clase of cightorn to GHEE & Scetclace License. Sie eeenbling 


roper speed, and the” 


I know that a short 


Cordially vegim 


The Omnigraph is used by several departments of the U. S. Government and by a large number of the leading Uni- 


versities, Colleges, Technical and Telegraph Schools throughout the U. S. and Canada. 
The Omnigraph is also used by the Bureau of Navigation in testing applicants applying for a Radio License. 
Thousands have learned both the Morse and Wireless Codes with the Omnigraph. 
Send for free catalog describing three models—$12 to $28. Do it to-day. The Omnigraph is sold under the strong- 


est of guarantees—if not as represented, your money back for the asking. 


THE OMNIGRAPH MFG. CO., 26 Cortlandt St, N. Y. 
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Amemotic Transmitter. 
Radio License and I believe 


(Signed) GEO. E. SELLERS. 


Connected with Buzzer or Buzzer and Phone, the Omnigraph will send you unlimited Conti- 
It will bring an expert Operator—right into your home—and will 
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RADIO TELEMEGAFONE 


When used with one or more stages of amplification will reproduce 
signals with great volume. For the small fraction of a watt output of 

















ONNECT “4A” our receiver that is available for the production of signals, the 
to your detector or Avox 'TELEMEGAFONE Will produce the greatest volume of sound 
amplifier, and «BB™ With Small Horn, as Illustrated . . . $75.00 
to a O-volt battery With Large Music Master Horn. « « «= 9300 


Wauirs ror Butterm No. 2102 


ParexTen m USA ano Fomercn Coumrmts : 
2701-27665 EasT 14™ STREET 
OAKLAND, CALIFORNIA 




















Quick Service 
Fine Quality 






Bronze and Aluminum 
Castings of the Better Grade 


Our facilities enable us to make prompt shipments of quality castings in 
large quantities at attractive prices. 


Castings guaranteed true to pattern. 
Let us quote on your requirements. 


Bronze Rods and Bushing Castings 


Fischer-Sweeny Bronze Company 
HOBOKEN, NEW JERSEY 
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RADIO © 
MAIL ORDER SERVICE 


Our claim of “Personal Service to the Consumer” has been more than upheld and we have pleased 
our many clients by our prompt and courteous attention to their wants. 
Our early success along these lines, has prompted us to establish a Mail Order Department ; so that 


out-of-town Radio Men can realize and feel the strength of our service and kmow that when they order , 


a piece of apparatus they can get it at once and not have to wait until it is manufactured or otherwise 
secured. We carry a complete stock, and list some of the more important instruments below: 


AUDION CONTROL PANELS ANTENNA SWITCHES HOT WIRE AMMETERS 









ROCA Grebe 
Jeak 


LOOSE COUPLERS 
— 3000 meter 08 


ee TE, nee 50 

CE F673 3000 ater coupler..:.. 14.00 
Signal No. R21 3000 

meter coupler....... 18.50 

OSCILLATION 

TRANSFORMERS a 

Interfatiogal, L- a 

{0A $16.75 

Signal R13..... Saini aie 0.8 16.90 
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CONDENSERS 
General Radio 182H. eee 


C.V 500 DeForest.......... 
366 eee 4.75 
367 DNOOONE oo sns tas e 4.75 
368 Murdock i... ....s.-é5 3.75 
F800 Clapp Eastham........ 7.50 
F800A Clapp Eastham........ 9.50 
oe 
56 General Radioy. g24$1.75 
5@ Murdock ....5..4. ..2..9 2 1.00 
. Kadio Service:.:........-: * 1.20 
OO APOMNOEE no cins dc age ose ov 1.50 


‘HONEYCOMB coms: 


ee ee ee ee eee ee ee 
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Instruments and parts listed above will be sent postpaid to any part of the United States. 


Our word of pam to you is our ‘pmoaggae a us prove it. 
L3) : 


ONO RADIO, AND, ELI 


Fatt 


6 ‘WARREN Gitdeien>' ‘NEW YORK 


Radio Craft detector unit...$15.00 463 renedocee Switch stands __ General Radio No, 128 0-1 or 
Radio Craft 2 step amplifier. 50.00 eS $4.50 O-ZaeswAmiperés............-.5- $5.00 
Radio Craft detector and F658 Clapp ° ais, three Roller Smith 0-2%4 Amperes..... 7.00 
step amplifier.. . 70.00 ole with bakelite an- Extea shunts.................. 75 
RORA Grebe detector unit. ° 11.00 tenna post eeoeerrreee “BR” BATTERIES 
RORH Grebe detector unit AMPLIFIERS ‘ 
with batteries.:..:.. 17.00 ROR 766 Am. Eveready 22% V 10 
P400. DeForest Unit........ 12.00 BPGrebe single stp audio SAM apa. -s0.seeeeeeseeeees $3.50 
P401 DeForest Unit, with RORIO Bcrebe 2 ae ene Raa i a 1.35 
Oak finished cabinet. 14.75 tebe 2, stemmnmmlifier tandard 227% \ 2:40 
P 402 DeForest. Unit with 40 ay .with com Con op Reties; Variable | 325 
500 Deena geet cag 220. ROME” Grebe deteciogaad one = sg Cronk 2274 Volts, S amp.. 1.00 
Audiom, €omplete RORD, Gane amplig aie tore 43.00... 9284 ; ae 
with cabinet’and 40 step p> ggg dig 65,00 
(ve Battery. parse 25.00 adio Mraft Co. two 1500 600 sll — 2 
DETECTORS (Crystal) step Amplifiers si... 50.00 - $4.79 
RPOB .; Grebe Single }.... +... : 2.75 io Crait. Co. de- 150 to Se re ters 5.79 
piel. Sh crystal.. +o a r a sn tep AMPLIFYING 
, Crystak. Detector... : SS anaapd ° 
Tested galena crystals P200°~-DeForest two-step am TRANSFORMERS 
~™"hounted” ready “for -plifier—with. “B" bat . Acme—specially-mounted...------- $5.00... 
eRe EP SEED COTY vee ee eee eeeeees 70.50 Acme unmounted .............-. 4.50 
“GRIDLEAKS™ ove BUZZERS sei EO 1 OTe TTT TT Tr 7.50 
Marconi complete hol- 55 Mesco Buzzer............... $2.25 DUO LATERAL COILS 
der and leak......... 1.00 Century Buzzer............. 2.25 US 
condenser and 251. WickelgtTaeea. i... 2.06.0 c aes 0.80 
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. PROGRESS 


Progress in Radio means the efficient elimination of unnecessary, old and 
inefficient apparatus.and.4n producing instruments full of life and vigor, 


quality, workmanship and ‘service ; 


something necessary to the modern 


station of today; something that is an improvement over the old methods: 


—the 


ASR. Co. Amplifying Transformer 


is distinctly a step forward,astep,tewards the goalrof efficiency. In de- 
signing this piece of apparatus, partiqular feferente was given to the cor- 
rect ratio.of impedance and tarnSbetweén primary and secondary, 
Another feature which makes this transformer a desirable piece of 
apparatus, is the simple but very effective mounting of bakelite strips, 
supporting the laminated closed cone: and «coil; which. allows) for quick 


mounting in case or on panel. 


The primary and secondary leads are indicated by engraving on 


the bakelite mounting strips. 


of oan ORY, 


LOS ANGELES, CALIF. 


The Wireless Shop, 


IEW ORLEANS, LA. 
L. A. Rose, 


kry Camp Street _., 
” NEWARK, ee Aeon the 

A. H. Corwin & Co., 

4 West Park Street. 
NEWCASTLE, PA. 

Pennsylvania Wireless Mfg. Co., 

507 Florence Ave. “SHA” 
PHILADELPHIA, PA. 

Philadelphia School of W'ireless 
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511 W. Washington St. rr 


WASHINGTON, D. C. 
Telegtaphy, National Redie Sapo 
Bhete Caipat 


Retpansible. Dealeret: Write for interesting wales proposition on Radieco apparatus 
If none of the above agencies are in your vicinity, communicate with ,. 
RADIO DISTRIBUTING’ COMPANY * 


The price does fot ‘do justi¢e to the’ reliability and high ‘Service quality of this product. 


A-4 Amplifying Transformer, ‘list ‘price $5.00 


does not include carrying charges.on one pound or. duty,. paid for use.in Canada, 


RADISCO AGENTS carry only apparatus of proven merit., Look,for the Radisco trade mark on all parts 
you buy and be sure of.getting efficient apparatus. 


Below are listed a few of the reliable firms who carry Radisco products ; A..R, Co. Amplifying Transfgrm- 
ers and are our agents for all other standard apparatus ‘of merit. 


COMMUNICATE YOUR WAN TS TO THEM. : 
KANSAS CITY, _MO. 
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A. MORE..COMPREHENSIVE 
WICONY SERVICE 


The Radio Art has long known WICONY to stand for 
perfection as applied to Navy, Army and Commercial 
Radio Apparatus. 

The Radio Art will now know WICONY to stand also for 
perfection as applied to specially designed amateur and 
experimental radio apparatus. 

Radio dealers, amateurs and experimenters have been 
freely consulted. Therefore, the new service is really 
yours--prepared by men who would consider the matter 
from YOUR point of view. 

If, at any time, you can help us improve WICONY 
service by suggestions, or otherwise, please let us 
hear from you. 


Sincerely yours, 
WIRELESS IMPROVEMENT CO. 


NEW TWO-STAGE AMPLIFIER 





obtain, (1) the signal strength, 
as cis nt at Te pe eh z 


Win al eaeactn emmadly ceang lah Uti 


ated from formerly weak signals. This 
for the Marconi-Moorehead- wseh 


prem A pry saclh Ty aa pay 
Fully described in bulletin 6A. 
Two stage audio ee 
Ov 
Pia tease Pie Sse 
NS: Ask to be put on our bulletin mailing list. 


BULLETI 
A small fee of 10 cents is charged to assure us of your 
serious interest. 


DEALERS: k will pay you to write us in regard to this 
aad Be 8 Dealers claim our proposition is most 
liberal and prohtable. Write. 


WIRELESS IMPROVEMENT COMPANY, Inc. 


Radio Engineers and Manufacturers 
ee eee ee iI 





If this page is cut out and appended to the same page cut from the editions to fol- 
low, 8 complete file of very interesting information will soon be available. (No. 8) 








pe 








When writing to advertisers. please mention THE WIRELESS AGE 





FREY BS Bross 


“= 2 « eee ca 


—rTaAs ~.IVZ oO 


Rea rThy 














Vol. 7. No. 11. 











August, 1920 








WORLD WIDE WIRELESS 


Television, a New Radio Development 

FROM England comes announcement of two develop- 

ments in wireless transmission, both picturesque, one 
indeed bordering upon the realm of the fantastic and 
marvellous. H. Grinnell Matthews, an English experi- 
menter, avers that“he has made encouraging p $s 
with a “television” device which will.make it possible to 
witness, almost instantaneously, events that are actually 
happening far away. 

He also announces that he has successfully photo- 
graphed sound waves and reproduced them from the 
photographs with the aid of electricity. This would make 
possible a practical “talking movie.” 

However, the television announcement was skeptically 
received by some American wirélessexperts. Dr. Alfred 
N. Goldsmith, secretary of the Institute of Radio En- 
gineers, doubts whether this wonder is to come to pass. 

“If an entirely new principle of sound and light trans- 
mission has been discovered,” said Dr. Goldsmith, “it is 
possible that the scheme will be successful; but from the 
data at hand I should judge that these discoveries aré not 
much more than the annual rediscoveries which are so 
common in radio work. 

“Every little while some amateur ‘discovers’ something 
strange and marvellous in radio work—only to find that 
he has ‘discovered’ a fact already familiar to research 
workers. Therefore, unless something revolutionary in 
science has been unearthed in England, there probably is 
nothing new in these devices.” 

Dr. Goldsmith added that the transmission of images 
over long distances was not only possible, but that fairly 
successful experiments had been made with the process. 
The basis of image transmission is selenium, an element 
not unlike sulphur. Selenium, in the dark, is an in- 
sulator; but when fight is thrown on it, it permits an 
electric current to pass through. 


Radie Does Double Duty in Sky Piloting 
SERMONS are being sent through the sky in Kansas 
now. Dr. Clayton B. Wells, a minister at Wichita, 
Kan., has his sermons sent broadcast every evening by a 
member of his congregation who has an amateur station 
at his home, 

The idea occurred to C. A. Stanley, of Wichita, after 
sending out a “OST” one Sunday night as to how many 
station operators had attended church service that day. 
Of the in his territory very few attended. He wire- 

them, inquiring if they would care to take the ser- 
mon every Sunday night. : 

From the cow. country of the Texas Panhandle, the 
mountains of Colorado and the rural sections of Iowa 
came back a request to shoot out the sermons. Stanley 


Proceeded to shoot and he has been sending out the ser- 


Mons for several weeks. He attends the morning service 
and takes note of the sermon. The sermons are wire- 
lessed between 7 and 7:30 o'clock in the evening. 


and 1,200 pounds of mail, landed at eight o’clock. 
7 





Argentina Plans Elaborate Commercial Radio Service 


RAP10 service in Argentina is soon to be augmented 
and devoted to commercial uses, it is announced. 
The installations at present in use are employed mostly 
for Government despatches. 

Radio stations are to be set up at the Patagonian ports 
of Gayman, Rawson and Puerto Gallegos and one at Bue- 
nos Aires. It is intended later to supplement them with 
others at Corrientes, Bahia Blanca, Comodoro, Rivadavia 
and Ushuaia. Stations already existing will be increased 
in power. . 





“Le Ti Blanche” of Saloniki, Greece, one of the most important British 
* Gareléan stations Gurleig thé ar. (See description on page 8) 


Night Landing of Mail Plane by Means of Radio 
WIRELESS calls for aid sent out by a government 
mail airplane which faced a descent in the dark, 
enabled the plane to make a safe landing. Delayed an 
hour by a wind storm on the last lap of a journey from 
New York to Chicago, the radio operator on the plane 
sent out calls while approaching Chicago to light the 
landing field and prepare for the machine’s descent. 
The message was picked up by the wireless operator at 
Great Lakes Naval Training Station and on several ama- 
teur wireless outfits and relayed.to the landing field by 
telephone.- The plane, which carried three passengers 
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Radio Messages Sent From Old Tower That Once 
Served as Prison of Torture 


ON the top of the “Tour Blanche”—the notorious 
“Bloody Tower” of Saloniki, Greece—the British 


erected a wireless station that enabled them to ‘keep-in-~ 


touch with their ships in the Mediterranean and Aegean 
Seas. 


surface, and its messages, relayed’ to-alf’ posts» 
Western World, played an important part-in the’final 
victory of the Allies. 

This tower of stone has lived through a long and color- 
ful history. Centuries ago it was built by the Turks, 


‘and itis said that it-was used-as"a-house"of torture-and~ 
execution for political prisoner the. Turkish . 
régime in the Near East ee Ghdothad bMEurodcha ; 


countrjes.are, supposed to, have perished jm this tower. 

Suen “Shasker atthe head oe tke gale AF He eee 
name, is’ second only to Constantinople as ‘a seaport. It 
has a0spacious’ harbor—opened in 1901=-where ‘the “ifh- 
ports: for Macedonia, Albania and Serbia are received. 
Exports from this port consisted’ chiefly of grain; flour, 
chrome, manganese, hides and tobacco.- In’ recent years 
these countries have been’ so depleted of men and: prod- 


eb f Bt rho, ppave 









t ruled gates: AtS<140 
Abra chit Ihe og 


Unde :- aay: 
Members of the New York University reserve officers training corps 
operating a field wireless set 2 


ucts that they have not been able to supply their own 
industrial wants, to say nothing of exportation. 

Prior to the Turkish Revolution of 1908, Saloniki was 
the headquarters for the Young Turks... The city sur- 
rendered to the Greeks in the War, November, 
1912, and is now a part of Greater Greece. Its present 
ion, mainly Jews, is estimated at 174,000. — 
€ strategic importance of iki. cannot be over- 
lated, and was one reason for the location of the 
British Wireless Station at this point. During normal 
| See me possetees railway connections with “Constanti- 
— jenna, and Paris, besides Nish, Uskub} ‘and 
‘Morastir, in Serbia. 


Given a’strong wireless station to supplement its ship- 
ping and harbor facilities, it became a port of real naval 
value... From their keys inthe old stone tower overlook- 
ing the waters of the Aegean, these British wireless 
‘operators could talk to their commanders and comrades 
all over the Near East. Strong radio stations were main- 
tained by the British on the Island of Modros, at the 
entrance of the Dardanelles, on Lemnos, at Suda Bay in 
‘Crete, ‘and on Malta. From these wireless posts, many 
instructions were issued to the British submarines, which 
had their ‘base at Mitylene. 

' oo the Allied occupation of the city, the old Turk- 
“ish citadel became the headquarters for the press and 
‘censorship bureaus and the base headquarters for the 
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American Red Cross. Many tons of food, clothes, ang 
medicines were unloaded from the ships anchored at its 
docks, and transported by slow train, motor car, and pack 
mule to the remote districts, whose people were hungry, 
sickeand naked. The work of Red Cross doctors ang 
murses* has improved the conditions of sanitation and 


This was one of the mostsimpertant of Allied health throughout the Balkans, and saved many lives. 
“talking-points,” which were spread. oyef the Gy Te ae ee 'S | 
of the“ “French Scientist Predicts Synchronized “ Voice. 





Movies” by Means of Radio 
Qs of the void into every moving picture theatre, 
synchronized with all the movements shown on the 
film, will come in the near future the voices of the actors 
as they play their parts. Such is the dream of Professor 


vromagy va ert on wireless telephony. 

** The a Ye concert given by Mme. Melba at 
Chelms fordyre ole. all the wireless, telaphone lis- 
teners in London, Paris, Berlin, Rome and Christiania; jis 
his text.. Soon, he declares, everyone will be able to stdy 
at home and hear any.concert he wishes, and for all the 
movies one orchestra will be sufficient. 

He. even goes further. .Groups of motion picture 
theatres, he declares, will throw the same film on the 
screen at the same instant, while the actors will speak 
their parts into wireless telephone instruments. thus se- 
curing the synchronization which is impossible with the 
talking machine, and in the days to come the movies will 
become the serious rivals of the theatre. 

The only difficulty foreseen seems to be the breaking of 
the film while the voices go on without action. 


Sweden Adopts Radiophone to Aid Fishing Industry 
WIRELESS telephone receivers are being placed by 
the Swedish, Goyernment on fishing: craft, so the 
fishers may be warned of bad weather and informed 
where good catches of herring may be expected. As no 
transmitters will be placed on the boats the fishers will not 
be able to communicate with other véssels nor with wire- 
less stations on shore. 
o— 
Marconi’s Wireless Telegraph Company of London 
Declares Dividend 
‘THE Radio Corporation of America, which recently 
succeeded the Marconi Wireless Telegraph Com- 
pany, has. received information from London that the 
Marconi Wireless Telegraph Company, Limited, the 
British company, had earned a profit of £1,220,000 in 
1919, including £590,000 damages from the British Gov- 
ernment, Directors of the British Company have de- 
clared a final dividend of 15 per cent. on ordinary and 
preference shares, together with a bonus of 5 shillings per 
share. New sharesissued last-December to former stock- 
holders do not participate in the dividend and bonus. The 
statement’ showed that ‘£955,000 ‘was carried forward to 


surplus. 


French Conducting Radio Research in the Pacific 


¥Y ALUABLE experiments in wireless telegraphy are 

being conducted by the French war sloop Aldebaran, 
which has been cruising in the Pacific near the Chatham 
and Bounty Islands. Lieutenant Guierre, wireless 
expert, will probably submit the result of his experiments 
to the international ‘wireless conference in Washington 
shortly. He states that the wireless “reception” in New 
Zealand from French instruments is of special interest to 
continental experts, as New’ Zealand is practically the 
antipode of France. It'is Gaimed that the Aldebaran is 
carrying out for the first time’a trilly comprehensive sys 
tem of meastiring the strength of “receptions.” 
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submerged submarines by radio-telepraphy. ith a 
single-turn coil or loop attached to the outside of, the sub- 
marine, signals can be received as well when the vessel is 
submerged as when it is at the surface: It is also possible 
to transmit from a submerged submarine a distance of 
twelve miles. Thus it becomes possible for a ship and a 
submarine to exchange recognition si : 
A coil aerial is a satisfactory | m finder when sub- 
merged and readily receives signals transmitted thousands 
of miles, just the same as when ‘used iu the air. The nayy 


has equipped its larger submarineg with this apparatus. obs 


Mother of Marconi Dies 
M RS Marconi, mother of Marconi, the in- 


ventor, died June 15. She was an Irish womar and ~ i 


the widow of Giuseppe Marconi, of Bologna. 


France Plans Extensive Wireless Service 

HE success of the French Government’s wireless ser- 

vice between the Continent and Algiers is assured. 
The Ministry of Telegraphs is preparing a scheme for 
the extension of the wireless service which will involve 
the erection of several stations and the inauguration of 
commercial as well as official wireless service between 
France and America, Germany, Italy and Constantinople. 
It is proposed also to erect stations in important French 
cities, thereby relieving the pressure of the land wires, 
and if the Government provides for it in the budget the 
French colonies and island possessions are to be linked up 
by wireless next year. 

The first wireless extension to be attempted was com- 
munication with the United States, messages being sent 
from a station near Lyons and received by United States 
naval stations, where they are transferred to the tele- 
gtaph lines, This service has been used for the last few 
months by several American newspapers. 


Radio Banking Service on the High Seas 
WIRELESS banking is a success aboard the ex-Ger- 

man liner Imperator. The Cunarder has established 
the first sea bank with a safe large enough to carry a huge 
amount of ready cash. Drafts on shore banks are honored 
anid money transferred by radio. 


— 
Results of Marconi’s Recent Radio Cruise 
GIGNOR MARCONI, the wireless expert, has improved 

the wireless compass, according to the London Daily 
Mail, which will emit wireless warnings in a fog and by 
the aid of it he can tell which is on the _ and which is 
on the starboard side of a vessel. The Mail’s corre- 
spondent at Rome quotes him as follows with reference to 
his recent cruise in the Electra in search of new data to 
be used in the development of wireless : 

“We steered the yacht the whole way,” he said, “by the 
use of a wireless direction finder and kept away from the 
rocks off Cape Finisterre, northwest Spain, exclusively 
by its use. Most of the time we were able to locate our 
position by magnetic intersections on land stations. 

“We made one fairly important discovery. I have 
evolved an improved wireless compass by which I can tell 
which is the port (left) and which is the starboard (right) 
side of a ship. It will emit wireless warnings instead of 

sts.” Senator Marconi went on: 
I kept in touch with England for a time by wireless 
€, our instrument having a radius of 450 miles. 








WORLD — WIRELESS 
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THE last annual report of the Bureau. of Standards. 
states that membets of *the bureau’s: staff have’ 
developed very successful methods of comm, BniPetDe with | 


ville and Lisbon. 

“Wehad ; great fun on the way,jout, having musical 
evenings, with Chelmsford, Essex. They. put on the latest 
tunes on’ the gramophone at’ Chelmsford and we heard 
them plainly. We applauded and they thanked us. 


“Thewwireless telephone, worked splendidly through- 
~out and was clearer than a land telephone. 


“My cruise is only half finished. The yacht is at Spezia 
and ¥ mtend to return to England in toes in about a =. 
night. ‘The voyage should result in several improvements 
and new inventions being patented.” 

Senator Marconi naturally is inclined to be reticent on 
this subject, but he gave the impression that he will 
shortly announce the perfecting of the existing wireless 
direction-finding-gear, enabling ships to steer clear of one 
another by this means alone in thick weather, Also that, 
although the day when ships may dispense with the use 
See wircies is not yet, vessels may soon be able by 
s wireless means to avoid rocks as Senator Marconi 
did. Senator Marconi is also probing the origin of 
atmospheric or eléctric storms and how to combat them. 
He encountered one when he was off Algiers. 





Underwood 
Firemen operating a wireless telephone installed on rear of fire tender 


Manitoba to Use Radiophone 


Bo XPERIMENTS conducted at the request of the Ma- 

nitoba government with wireless telephone apparatus 
between Winnipeg and Portage la Prairie, 80 miles away, 
have been successfully concluded and a second step in the 
experiments. is about to be taken, when conversations will 
be attempted between Winnipeg and Ft. William, a dis- 
tance of nearly 400 miles. The experiments are being 
taken with a view to testing out a proposed system of 
wireless to be installed in northern Manitoba. 

Mining districts and fur marketing centers are far scat- 
tered and sparsely settled. Land wires are costly to in- 
stall and to maintain owing to falling trees in the bush 
country. It is proposed to establish some dozen stations 
at central points in as many districts of the northland, 
and these will in turn be given communication with the 
outside by a station of larger power at The Pas, which 
will work with another similar station at Swan River, 
250 miles south of the former place, and in the well set- 
tled portion of the Province. 

Should wireless telephony prove successful it is prob- 
able that the Manitoba government will assume control 


-over this form of communication, just as it has the tele- 


phones, and that the wireless will be incorporated in the 
government telephone system. In this way the govern- 
ment may be able to give service to many isolated points, 
notably in mining sections east of Lake Winnipeg which 
cannot now be reached by land wires. 
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New York Radio Central..Station 


Details of a Super-powered Radio Station to be Erected 






Near New York for Communication with Five Nations 


OR more than two dec- 
ades the wonders of 
wireless have so unceasing- 
ly intrigued the public im- 
agination that it would ap- 
pear little remained to be 
accomplished in develop- 
ments of revolutionary 
character. Yet, once again, 
it is disclosed that a start- 
ling conception in wireless 
communication has been 
quietly brought to a point 
of realization. On the 
north shore of Long Island, 
near New York, the Radio 
Corporation of America is 
about to begin construction 
of a super-powered radio 
station that will simultan- 
eously send to and receive messages from five great 
nations of other continents. 
bare announcement presages a new era in com- 
mercial Bane 3 ee is ed a in the 
conven fying spirit which, cou with engineer- 
ing skill, has brought about the expansion of wireless to 
its present status as a world-wide public utility. Instantly 
obvious is the fact that the plan will result in the contri- 
bution of an i means of breaking down America’s 
isolation from the peoples of certain other continents and 
open up visions of communication ilities which, 
through inherent limitations, could never be realized by 
the undersea cables. 

The new and great medium of far- ing economic 
and political influence will bear the name New York 
Radio Central Station, the steel towers of which will 
arise on a 6,400-acre tract, comprising nearly ten square 
miles of land lying east of Port Jefferson, with a long 
frontage on Long Island:Sound. The preliminary engi- 
neering studies have been completed, contracts for all 
the construction materials are being let, and a force of 
radio experts, after months of preparation, will im- 
mediately take the big job in hand. 

A definite idea of the ultra-modern character of this 
radio plant may be gained from the observations of 
Edward J. Nally, president of the Radio Corporation of 
America, under whose direction the world wide wireless 
system has emerged from an idea into a tyre 4 “Every- 
one at all familiar with wireless,” said Mr. Nally, “knows 
that at Nauen, Germany, and Bordeaux, France, are two 
of the largest stations in the world. Up to now they have 
been viewed with admiration; consider, then, the tre- 
mendous advance represented in this latest step; the 
New York Radio Central Station, in the aggregate, will 
be five times more powerful than either of these!” 

He explained that there will be five complete transmit- 
ters, each one a duplex unit with a corresponding receiv- 
ing station located nearby. All five transmitters and the 
five receivers will operate simultaneously and will trans- 
mit and receive messages over thousands of miles con- 
tinuously during day and night. 

“New York will be the direct focal point of world’s 
intelligence in an entirely new sense under this com- 
munication scheme,” he continued. “A's soon as the sta- 
tion is completed immediate message service will be 
established with France and Germany to supplement the 
existing commercial circuits; ultimately, radio from this 
station will connect up Buenos Aires and other points in 








200-Kilowatt Alexanderson Alternator, which is part of the 
equipment of the Station 


“The form of aerial construction, too, is wholly a new 
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South America, and ether- 
Wave messages will be 
flashing to and from Po- 
land, Sweden, Denmark 
and other European coun- 
tries. Like the ripples that 
race in circles over a pond 
when a stone is dropped in 
the water, the electro-mag- 
netic waves from this sta- 
tion will soon encompass 
practically the whole of the 
civilized globe. It is a 
plant that dwarfs all exist- 
ing wireless stations into 
insignificance ; a single unit 
will have power and range 
the equivalent of the 
largest wireless stations if 
the world today. 


departure. From the central power house six spans of 
aerial wire will radiate out in a star pattern to a distance 
of more than one mile from the center. The wires of 
this huge antenna will be supported on self-supporting 
steel towers, each 400 feet in height, with the wires sus- 
pended at the top between 150-foot cross arms. Each 
of the six antennae will have twelve towers, forming so 
to speak, the spokes of a giant wheel fashioned out of 
seventy-two miniature replicas of the famous Eiffel 
Tower in France. Five of these antennae spokes will 
be used for regular service while the sixth is reserved 
for emergency operation. 

“Far more impressive than physical appearance, how- 
ever, will be the things the eye cannot encompass,” Mr. 
Nally explained. “Appreciate,” he said, “that in the 
wires forming each spoke of the gigantic wheel there 
will be generated a power equal to the greatest of present 
day trans-oceanic witeless stations; then comprehend, 
if you can, the fact that all five of these powers can if 
desired, be combined into one, for signaling. A tele- 
graphic signal created out of such tremendous electro- 
magnetic energy could encitcle the entire globe! 

“But that is not all. The apparatus and system which 
will be installed for each of the five units will be the same 
as that at present in our New Brunswick (N. J.) sta- 
tion from which ‘the voice of Secretary of the Navy 
Daniels was carried to President Wilson when he was 
at sea aboard the U. S. S. ‘George Washington.’ In 
a number of experimental tests the voice has been carried 
by this radio telephone over distances of 2,500 miles 
with complete success. This leads us to state very defi- 
nitely that before long a direct wireless telephone service 
will be established with foreign countries.” 

Every exacting requirement of commercial radio mes- 
sage service will be satisfied fully in the apparatus and 
system of circuits with which the great station will be 
equipped. The generation of the energy required to spam 
thousands of miles will be effected by Alexanderson 
alternators, powerful machines constructed by the Gen- 
eral Electric Company, which have made it possible to 
carry the radio signals through space by continuous wave 
trains, instead of by the interrupted or discontinuous 
waves, generated by systems using the old-time “spark 
discharge” apparatus. Taken by itself, the Alexanderson 
alternator is an achievement rivaling the design of the 
new world-wide station. This machine is the concrete 
expression of an ideal which electrical engineers have 
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held for 4 years, for it represents a perfected gen- 
erator of frequency electrical oscillations constructed 
along, the of the ordinary power house dynamo. The 


problems solved by Mr. Alexanderson, chief engineer of 
the Radi@ Corporation, were thought insurmountable. 
Because the transmission of radio signals requires alter- 
nating currents of frequencies a thousand times or more 
in excess of those used jn power engineering, it was con- 


sidered beyond the range of practicability to obtain such 
currents from a dynamo. In the Alexanderson alternator 
equipment, the new station will have a source of energy 
proven as reliable ps the power dynamo, yet creating 

ectromagnetic oscillations, which will 


a steady stream of é 





The office i York City, where Marconigrams f , 
Hawaii ‘206 evan or handied daily, owl also Aron as = on Tak 
Radio Cent Station’s business by means of distant control 
permit telegraphic signaling at very high speeds. So 
efficient and reliable has the Alexanderson 200-kilowatt 


alternator, installed at New Brunswick proven itself, 
that leading radio experts of Europe have made special 
trips of investigation to the United States to view its 
performance; now this already famous single machine 
is to be duplicated and installed in the New York Radio 
Central Station; but this time there will be two 200- 
kilowatt machines for each transmitting station—ten 
in all. The achievemiént, from a radio engineering stand- 
oo has nothing approaching a parallel: ten alternators, 
kilowatts, 

concentrate in realization of a dream to transmit mes- 
sages overt the world to all points of the compass from 
a single source! 

Mr. Nally emphasized another forward step in engi- 
neering which will be incorporated in the super-station. 
“We will utilize what is termed a multiple tuned antenna, 
which,” he explained, “materially reduces the wasteful 
electrical resistance of the leng, low, flat-top aerials for- 
merly used. A great saving in power is thus effected; 
in fact for the same power input formerly used for 4 
single station, six times the effectiveness at a distance 
is obtained. In other words, we obtain .with this antenna 
the same effect ‘at a distance with 200 kilowatts input, 
as would be obfained from the old type of antenna with 
1200 kilowatts input. This new type of antenna is the 
equivalent of six independent radiators, all operating in 
unison at the same wave length and for the complete 
station with its five antennae units, the power required 
will be less than 20 per cent of that formerly necessary. 

‘ditional - 


The project, however, contemplates a 









ties. To i : We may, in many cases, utilize but 
one-half of @ single spoke of -the anterina system for 
communication service to a certain point. On this basis, 
the Long _Station will ultimately permit: simul-_ 


horsepower—an astounding force to - 


_ accomplished solely with the variable condenser. 
nals from stations over 200 miles distant have been re- 


300 to 5 
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taneous transmissions to a maximum nunitber of ten 
points in the world, thus doubling the communication 
facilities originally planned. 

“The receiving aerials are of a new type, too; they 
have been designed for operation with the Weagant sys- 
tem of static elimination, which, by a combination of 
opposed electrical circuits, nullifies the long-dreaded ef- 
fects of atmospheric electricity and makes possible unin- 
terrupted reception from foreign countries under all 
weather conditions. We break away from precedent 
once again, in locating our receiving units only eighteen 
miles from the multiplex transmitting equipment, instead 
of following the existing practice of establishing one 
transmitter and one receiver in one locality and restrict- 
ing the service of the circuit to one oversea destination.” 

The arrangements for distant control of the New York 
Radio Central Station follow the same policy ©f concen- 
tration. In Broad Street, the heart of New York’s 
financial district, the company’s public telegraph office 
is being re-equipped to handle the new station’s messages 
along with the Marconigrams which are now received 
for England, Norway, Hawaii and Japan. Thus 
messages for any of the five additional countries 
reached by the new station will be received in the New 
York City office and dispatched direct from a series of 
operators’ keys and relays which will operate the power- 
ful transmitting circuits located miles away out on Long 
Island. Messages from over the ocean will ultimately 
be received in the same manner, receipt and delivery of 
the actual messages being effected by the customary 
messenger boy service direct to the home or office of 
the user of the trans-oceanic wireless. 

It is expected eventually to install apparatus for high 
speed transmission and reception, which will be under 
the supervision of -a trained staff of operators, along 
with which there will be the usual staff of expert Morse 
operators, who will work those circuits over which high 
speed transmission is not taking place. 

Countless details of great technical interest and engi- 
neering importance are embraced in the specifications for 
the station, prepared by combining the personnel of the 
Radio Corporation and the General Electric Company, 
an arrangement made possible by the recent merger 
effected by these interests and the absorption of the Mar- 
coni Wireless Telegraph Company of America. Even to 
the uninitiated in technical matters this gives assurance of 
perfection of detail in design; equally certain results 
will follow in the manufacture of the apparatus which 
has. been delegated to the. General Electric Company, 
while the construction of the station will be under direc- 
tion of the engineering staff of the Radio Corporation. 
As Mr. Nally expressed it: ““The great task is well 
begun and will progress steadily to a realization of a 
new conception of the conquest of the barriers Nature 
has erected between the brotherhood of races. With the 
speed, accuracy and lower cost of wireless, the new 
station will give to the world something novel, useful 
and epoch-making in the field of international com- 
munication.” 


The Board-Walk Chair on the Cover 


‘THE apparatus comprising a radio chair presented on 
the cover of this issue is so compact that three per- 
sons can sit comfortably in the chair. It consists of a 
loop, detector and amplifier. The loop is of the flat type 
and measures eighteen inches on each side, being wound 
with No. 26 S$.C.C. wire. No coils are used, tuning 7 
ig- 





ceived, and the set is most effective for wave lengths of 
‘meters, but results have been obtained 
ths up to S20 meters. 
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The Alexanderson System 


Its Performance and Operation at the New Brunswick Station 


By Elmer E. Bucher 
Commercial Dept., Radio Corporation of America 
(Continued from the July Issue) 


THE antennae commonly used at high-power radio 
stations may be broadly classified into two types, viz., 
the long horizontal aerials which are suspended on com- 
paratively low towers, and the vertical, fan or ymbrella 
aerials which are generally supported at great heights. 
The flat-top antenna was adopted for long distance trans- 
mission because it was believed to have marked direc- 
tional properties and would therefore provide maximum 
radiation in the direction desired and lesser degrees of 
signal intensity in all other directions. 

Experiment has indicated, 
however, that this direc- 
tional effect disappears at 
distances beyond 300 miles 
or so from the transmitter 
and thus the benefits of di- 
rectional radiation are real- 
ized only in a limited area. 
Beyond this the flat-top an- 
tenna has been found to 
have comparatively high re- 
sistance. This may be said 
to be due to the long path 
through which part of the 
ground current has to pass 
to the far end of the an- 
tenna, which is a path of 
relatively high resistance. 
This resistance cannot be 
materially decreased by 





possess a lower joint resistance than a long antenna of 
the same. radiating capacity. The same result may be 
obtained from the Marconi flat antenna by bringing down 
leads from the flat-top, at regular intervals, to the ground 
through appropriate tuning inductances. With this con- 
struction it will be seen that the antenna charging current 
has a much shorter path through the down leads than 
it had with the former design. 

The improved efficiency of the multiple tuned antenna 
has been amply demonstrated at the New Brunswick 
station where the resistance 
of the Marconi flat-top has 
been reduced from 3.7 ohms 
to 0.5 ohm with the conse- 
quent saving of power. 

The curves of figure 22 
show the results of a series 
of experiments conducted 
between New Brunswick, 
N. J., and Schenectady, N. 
Y., with the object of com- 
paring the relative signal 
audibilities ampere for am- 
pere in the old antenna with 
a single ground and the 
Alexanderson antenna with 
multiple grounds. The re- 
sults show quite conclusive- 
ly that with the same cur- 
rent in a flat-top antenna 


laying wires in the ground, Figure 22—Curves showing comparative signal audibilities obtained from and in a multiple tuned an- 


: the Alexanderson multiple tuned antenna 
for because of the in- e antenna 


ductive impedance of such 

long wires (at radio frequencies) a large percentage of 
the ground current will still pass through the earth. 
It is therefore evident that if the length of the ground 
path in a radiating system could be reduced, a consider- 
able saving of power would be effected. 

At any given wave length the radiation from an 
antenna has been found to be proportional to the square 
of the effective height and the square of the antennae 

1,600 h*i?. 
current. The exact relation is W ee re This 

A 
points to the desirability of a high antenna, but since 
the cost of building such a radiating system increases 
very rapidly with its height, the factor of economy re- 
quires that the money expended on a station be appor- 
tioned between the cost of the antenna, power apparatus, 
and maintenance in order to arrive at the lowest total cost 
for transmission over ‘a given distance. It is obvious 
that if, by any means the wasteful resistance of the long, 
low, flat-top antenna, that is, conductive losses, leakage 
through insulation, etc., could be reduced, and if its 
radiation properties still could be maintained, then as- 
suming equal power inputs into the two systems, a sta- 
tion using a long, low and relatively cheap antenna could 


produce the same signal strength as that from a high: 


and costly antenna. 

The multiple tuned antenna devised by Alexanderson 
brings about a marked decrease in the ground resistance 
of a flat-top aerial. His antenna can be compared to a 
station using a number of small.antennae connected in 
parallel, the height of each of which is great compared 
with their horizontal dimensions. It follows from simple 
electrical principles that several antennae in parallel will 
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and the openvended AartoP tenna, substantially equal 


audibilities are obtained at 
the receiving station. However, the power required by 
the plain antenna for a given number of amperes is very 
much in excess of that fed to the multiple tuned antenna 
for the same total current. Thus as the curve shows, to 
put a total of 70 amperes in the branchces of the multiple 
tuned antenna with six grounds, requires but 3 kw., 
whereas with the flat-top antenna and a single ground, 
18% kw. are required. This is of course a very small 
proportion of the total output available at New Bruns- 
wick. The values shown in the curve should not be 
taken as indicative of those used in daily operation. 

The points of distinction between the two types of 
antennae may become evident from the following com- 
parative analysis. Thus the flat-top antenna with single 
ground is shown in figure 23. The equivalent circuit 
resolved into lumped or concentrated values of inductance 
and capacitance is shown in figure 24. The schematic 
circuit of the Alexanderson antenna is that of figure 25 
where L,, L,, L,, L,, L,, L, are current paths between 
the flat-top and the earth. The inductance of each down 
lead is made six times the capacitive reactance of the 
flat-top at the frequency of operation selected. The ca- 
pacitive reactance of the flat-top is thus neutralized at six 
places. The circuit is therefore the equivalent of six 
independent radiators operating in parallel. 

The equivalent circuit of figure 25 is that of figure 
26, which is an artificial circuit comprising a number of 
parallel resonance circuits adjusted to the frequency of 
the alternator N. The branches L, C,, L,C,, L, C,, etc., 
which are in shunt to one another are fed by the alter- 
nator. _When each branch is tuned to the frequency 
of the alternator it will follow the well-known laws for 
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parallel resonance. A large curterit, will flow back and” 


forth between the inductance and the condenser, and 
the alternator will simply supply power to’ compensate 
the resistance losses of the circuits. These large cur- 
rents are directly due to the high voltages maintained 
across the inductance and the capacity, when the circuit 
is tuned for resonance. These voltages may be calculated 
when the value of inductance or capacitance and the 
current flowing therein are known. 

If a parallel resonance circuit had no resistance, the 
conditions for parallel resonance would be strictly the 
same as for series resonance. These conditions are, 
however, very closely realized in the parallel circuit. In 
series resonance the e. m. f, on the condenser is equal 
and oppotite to that of the coil and thus there is a large 
flow of current between the condenser and coil, There 
is also a large current flowing between the condenser 
and the coil in parallel resonance, but viewed from the 
standpoint of the feed or power supply circuit, the feed 
current is simply the difference of the currents in the 
condenser and the coil. : 

The resistance of a parallel-resonance circuit, in radio, 
is often treated as a negligible quantity. This resistance, 
however, assumes considerable importance in the multiple 
antenna as it determines the power taken from the alter- 
nator. Thus if the wasteful resistance of each branch 
in a multiple tuned antenna of six branches is 2.7 ohms, 
their joint resistance is 2.7/6=0.45 ohm (assuming 
equality) and it is this resistance plus the radiation re- 
sistance of the entire antenna system through which the 
alternator works. 

It is obvious that the alternator can be connected as 
in figures 27, 28 and 29 with the same effect as shown 
in figure 26. Thus in figure 27 the alternator terminals 
are connected in shunt to the parallel resonance circuits. 
In figure 28 the alternator output is fed to the antenna 
through the inductive transformer P S. In figure 29 
an auto-transformer connection is employed. 

In order to obtain resonance between the alternator 
and the several radiators of the multiple antennae of 
figures 25 to 29, the joint reactance or impedance of the 
down leads L,, L,, L,, L,, L,, L,, must be chosen to 
equal the capacitive reactance of the flat-top at some 
particular-frequency. Hence with multiple tuning at six 
points the reactance of each down lead, for a given 
wave length (or frequency), must be six times the ca- 
pacitive reactance of the whole antenna. 

The method of computing the inductance in the down 
leads for a given wave length is as follows: We may 
take as a representative example the capacitance of the 
New Brunswick flat-top antenna, which is a long low 
aerial of the Marconi type. Its capacitance as measured 
is 0.066 mfd. Assume that operation is desired at 15,000 
meters. 


The oscillation frequency, 
300,000,000 
= —— = 20,000 cycles 
15,000 


The capacitative reactance of 0.066 mfd. at 20,000 
cycles 


1 
Esiiden iG 
1 


~~ 6.2832>X20,000>.0.000,000,066 
= 120.5 ohms. 





The inductance required to neutralize the capacitive 


reactance is found from the relation 
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120.5 


~~ 6.2832 20,000 
= 0.000,958 = 0.958 millihenry 


The total inductance of each down lead should then 
be 6 x 0.958 = 5.74 millihenry ; and the reactance of each 
down lead, 6 x 120.5 = 723 ohms. 

Curves may be prepared to give the values of in- 
ductance required to tune the multiple antenna with 
various number of grounds at different wave lengths. If 
then the line coils be calibrated for different numbers 
of turns at different frequencies, it is a relatively ‘simple 
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Figures 23 to 29—Fund tal and equival circuits of flat-top antenna 
and Alexanderson multiple tuned antenna 





matter to set these inductances to the correct value for 
any wave length. A series of curves showing the in- 
ductance required to operate the New Brunswick antenna 
at various wave lengths are given in figure 30, These 
are cited merely as illustrative examples. 

The term “feed ratio,” for convenience, has been ap- 
plied to express the ratio of the total current in the six 
radiators of the multiple antenna to that flowing in the 
down lead of the branch to whiich the alternator is 
coupled. Assume that equal inductances are inserted in 
each down lead. With all other conditions equal, the 
same current will flow in each of the six circuits when 
supplied with enérgy at the frequency which produces 
resonance, 

Thus if the ammeter A, when connected in series with 
the station down lead, figure 26, indicates 100 amperes 
(at resonance), and the same current is obtained in each 
branch, the total antenna current is 6 x 100 = 600 
amperes. 
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The feed ratio is then equal to 
Total Current 





Current in the station down lead 
600 


which in this case = —— = 6:1 


100 


4 
1000 





WAVE LENGTH 


Fi 30—Gra showing induct ired to tune the multiple tuned 
— a at New Brunswick to different wave lengths 





It is of interest to note that this feed ratio is only main- 
tained when the inductance in all the down leads is equal. 
Assume, for example, that the inductive reactance in the 
branch through which the energy is supplied is decreased 
and the frequency of the alternator is raised for reson- 
ance. Assume also that the feed ratio previous to this 
change is 6:1, the wave length 15,000 meters, the fre- 
quency 20,000 cycles, and the inductive reactance at each 
down lead 723 ohms. If now the wave length is re- 
duced to 14,500 meters, the frequency increases to 20,700 
cycles. This represents.an increase of 700 cycles, which 
is 314% of the original frequency of 20,000. It may be 
shown that 1% change in frequency requires a 2% change 
of inductance for resonance. Hence the inductive react- 
ance in the circuit for 20,700 cycles is 100%—7% or 93% 
of the value at 20,000 cycles; that is, 93% x 723 = 672 
ohms. 

Now if the five line coils to earth are left unchanged and 
since each has an impedance of 723 ohms at 20,000 cycles, 
or multiple impedance of 723/5 = 144.6 ohms, the im- 
pedance at 20,700 cycles obviously is 20,700/20,000 x 
144.6 = 149.6 ohms. The new feed ratio is evidently 
proportional to the two impedances or 672/149.6=4.49:1. 

The value of this determination lies in the fact that 
upon changing the wave length by tuning at the station 
down lead only, the new feed ratio can be computed, thus 
enabling the operator to ascertain the correct feed current 
necessary to maintain a given total value of antenna cur- 
rent. 

' After viewing the physical aspects of the antenna lay- 
out in figure 24 it might ms tog that a disturbing phase 
angle would exist between currents in the radiating 
circuit embracing the alternator, and those in the radiators 
placed at increasing distances from the power source. It 
can be shown, however, that for all practical purposes the 
currents in all the down leads are substantially in phase. 
Thus in figure 31, the branch L, C,, since it‘is a tuned 
circuit, operates at unity power factor and therefore may 
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be treated as a non-inductive resistance of a value equal to 
L 1 
Fe oe) 
CR R (2xN*) C* 
If (at A = 15,000 m.) C, = 0.011 mid, L, = 0.00574 
henry and R, = 2.71 ohms, then the impedance of any 


single branch to the e. m. f. impressed thereon is equal to 
0.00574 


_ 0,000,000,011 x 2.71 


Since the circuit L, C, R, is in resonance with the 
e. m. f. impressed at T, T,,, the current in it is also in phase 
with the impressed e. m. f., which may be considered to 
operate through a non-inductive resistance of approxi- 
mately 192,500 ohms. 

Let the inductance of the flat-top between the fifth 
and sixth branches be represented by L. The value of 
L is one-fifth of the total flat-top inductance without 
loading and in the case of the New Brunswick antenna 
is approximately 0.00013 henry. We then have in the 
last branch (L, C,) a current which lags behind the 
current flowing in L, C, by the angle @ where 

é 


2 


= 192,500 ohms approximately. 





tan @= 
R 


6.2632 x 20,000 x 0.00013 
ke 192.500 





=e (which is negligibly small) 
11,780 

The phase difference between the sixth and fifth 
radiator is thus negligible. The phase difference be- 
tween the currents in branch L, C, and branch L, C, 
is five times as great, but it is still of negligible im- 
portance. The currents im the six radiators are there- 
fore in substantial phase, the effect of the inductance 
between branches is negligible, and the charging cur- 
rents which are measured currents in the down leads 
can be considered to be in phase. Since the length of 
the antenna is but a fraction of the wave length em- 
ployed and the — difference is slight compared with 
the wave length, no appreciable directive effects will 
be obtained. 


636+ 


Figure 31—Equivalent circuit of mul tuned antenna 
computation of phase erence 


The antenna voltage may be computed when the equiva- 
lent capacitance of one section and the current in the 
station down lead, or the total antenna capacitance and 
total antenna current are known, This is obtained from 

1 




















the relation, E — ————— or E = — where X is the 
Z2*NC xX 
capacitive reactance of the antenna at some frequency. 

sing these values, assume that I as measured by an 
ammeter in the station down lead is 100 amperes. Then 
since the capacity reactance to be neutralized by the 
down lead is one-sixth of the whole capacity or 0.011 
mfd., then 

100 


ae : 
6.2832 x 20,000 x @.000,000,011 
= 72,300 volts bs 
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A current of 100 amperes performs the same functions 
in each of the remaining branches, so that the whole 
antenna is maintained at a voltage; of 72,300 volts by 
six separate curtents, all in phase, of 100 amperes each. 


Since the multiple impedafice of the six. branches has 
been shown to be 120.5 ohms, the total antenna current 
is 72,300/120.5 = 600 amperes. This is merely a further 
proof of the assumption made at the outset. 

As previously cited, the branches of ‘the multiple 
antenna follow (except in one respect explained later) 





Figure 32—Comparison of multiple and “series” resistance of Alexanderson 
multiple tuned antenna 


the laws of parallel resonance circuits with lumped in- 
ditctance and capacitance, and the current supplied to 
any branch by the main or power supply circuit is at 
any instant the algebraic sum of the currents in the 
capacity and the inductance. If there were no resistance 
in the branch antenna it would have infinite impedance 
to the power supply at resonance, and no current would 
flow in the feed circuit after the initial e. m. f. has been 
applied. In the actual circuit there must, however, be 
some resistance and the energy for heating this resistance 
must be supplied by the alternator, that is, the alternator 
makes good this loss of energy. - 

The branch circuit of figure 30 at N = 20,000 cycles, 
C = 0.011 mfd., L = 0.00574 henry and R= 2.71 ohms, 
was shown to have an impedance of approximately 
192,500 ohms, The antenna charging voltage at 100 
amperes. is approximately 72,300 volts. The energy cur- 
rent supplied by the power source to one branchi is there- 
fore 72,300/192,500 = 0.375 ampere... The power sup- 
plied.to each_branch is 72,300 X 0.375 = 27.t-kilowatts 

-and to the’ six branches (assuming equality throughout ) 
6 X 27.1 = 162.6 kilowatts. 

The foregoing method of computation while correct 
for parallel. resonance circuits with lumped inductance 
and capacitance from which no radiation takes place, 
requires some modification when the phenomena of radia- 
tion from the multiple antenna is considered: Thus, in 
the multiple antenna, the radiation resistance, whatever 
its value, may be said to be common to all six antennae, 
whereas the ground and coil resistances belong to the 
different antennae individually. The combined circuit 
of the multiple antenna can therefore be represented by 
a tadiation resistance common to all antennae which is 
in series with a group of six wasteful resistances con- 
nected in multiple. 

Thus assume now that the radiation resistance of the 


individual radiators in. the multiple antenna (at A =. 


15,000 meters) is 0.06 ohm and the ground and coil 
resistance of each antenna individually, 2.63 ohms. A 
current of 600 —— works through 0.06 ohm radia- 
tion resistance, while 100 amperes flow through each of 
the 2.65 ohm resistances. The consumption of power 
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in radiation is 600? x 0.06 = 21.6 kw., and in each 
branch 100? « 2.65 = 26.5 kw., or 6 X 26.5 = 159 kw., 
in the six branches. The total consumption is therefore 
180.6 kw. 

The point to be brought out is, that if the. radiation 
resistance of 0.06 ohm was added to the wasteful re- 
sistance in each radiator, and the energy consumption 
computed therefrom, the result would be too small. Thus 
assuming that the total resistance of each antenna was 
taken as 2.65 + 0.06 or 2.71 ohms, the power in each 
radiator would be 27.1 kw. and in the six branches, 162 
kw., but, as just shown, the correct value, when the 
radiation resistance is treated properly, is 180.6 kw. 

The multiple antenna may be treated in another way. 
With a total power consumption of 180 kw., the power 
supplied to each antenna is 30 kw. and the energy cur- 
rent consumed by each oscillating circuit at 72,300 volts 
is 0.415 ampere. Thus while the total oscillating current 
is 600 amperes the energy current which flows horizon- 
tally from the power source is 2.075 amperes. This dis- 
tribution is shown by the arrows in figure 26. In other 
words the energy fed to the system by the first tuning 
coil in the form of 100 amperes at say 1800 volts is 
transformed in the first oscillating circuit to 72,300 volts 
(in the case of the particular problem cited) and dis- 
tributed as in a transmission line from which 0.415 
ampere at 72,300 volts is drawn ‘at five places. 

When the inductance in each of the down leads has 
been adjusted to provide resonance with the alternator 
and the feed ratio has been determined, the multiple re- 
sistance of the Alexanderson antenna can be computed 
from simple measurements taken within the station 
house. 

The process is as follows: Measure the current in 
the station down lead at resonance and then measure the 


Z 





Figure 33—Graphs showing “series” and multiple resistance, New 
runswick antenna with different numbers of down leads 


open circuit voltage of the alternator (at the transformer 
secondary). The voltage divided by the current gives 
the “series” resistance of the antenna from the stand- 
point of a load on the alternator. This resistance is 
evidently the combined resistance of the alternator and 
the “series” resistance of the antenna system. The re- 
sistance of. the alternator must be obtained from a sep- 
arate measurement and subtracted from this value to 
give the “series” or load resistance of the antenna system. 

Thus if the open circuit voltage of the alternator 
transformer is 2000 and the current in the down lead is 
100 amperes, the resistance of the alternator plus the 
“series” antenna resistance is obtained from R = E/1 
or R = 2000/100 = 20 ohms. 
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Assume that the alternator resistance (from the stand- 
point of the transformer secondary) as obtained from 
previous measurements is 2 ohms ; then the series antenna 
resistance (considered as a load on the alternator) is 
20—2= 18 ohms. '- The multiple resistance of the 
antenna is then equal to 


Series Resistance 





Square of the Feed Ratio 


63 i i 


Figure 34—Fundamental circuit of multiple tuned antenna for determining 
between 

















the distinction “series” and multiple antenna resistance 
18 
which in the problem above a =0.5 ohm. Proof 


of this formula is given below. 

A set of curves showing the Coiiparative values of 
these two resistances at the New Brunswick station for 
wave lengths bétWeen 2500 and 9000 meters are-shown 
in figure 32. Thus at X — $600 meters, the series re- 
sistance is 32.5 ohms and ‘the—multiple—resistance 0.9 
ohm. It is the latter value that must be used to compare 
the multiple tuned antenna with the common antenna 
with single ground. Curves showing the decrease of 
multiple resistance at New Brunswick with increase of 
the numberof tuning points are given in figure 33. It 
is to be noted that the data for these curves and also 
that of figuré 32 was taken without the capacitive ground 
and the current equalizers already qesbrined: 

In making measurements as above, the_ transformer 
must be regarded in all respects as a part of the al- 
ternator, that is, the open circuit voltage of the trans- 
former secondary, and the resistance of the alternator 
from the standpoint of the transformer secondary must 
be treated-as the voltage and the resistance respectively 
of the alternator. 

A proof of the formula Multiple Resistance 


Antenna Series Resistance 
abe (Feed Ratio)? 
may be had from the following simple analysis. Reference 
should be made to the equivalent circuit figure 34, which 
is assumed to be made up of a number of radiating sys- 


tems in parallel, al] tuned to resonance with the alter- 
nator N. 





Let E = open circuit voltage of transformer sec- 
ondary. 
Let I = current in the station down lead at res- 
onance, 


Let Ra = the effective alternator resistance from the 
standpoint of the secondary, 
Let r = the “series” resistance of the external or 
anterina circuit considered as .a load on 
the alternator. 
Then E = Tf (Ra + r) 


E 
ftom which r = — — Ra 
I 


(Ra is obtained from a separate measurement. ) 
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” 


The power consumed in the “series” or load circuit 


external to the alternator is then, 
W=lT*r. 

Consider now the resistance of the complete antenna 
from the standpoint of several radiators in parallel :— 

Let F = feed ratio. 

Then FI = total antenna current in the several rad- 
iators. 

Also let Ra = multiple resistance of the several rad- 
iators-in parallel. 

Then, the total energy in the several radiators is equal 
to,the product ofthe multiple antenna resistance and the 
square of the total antenna current, or, 

W = (FI)? Rm. 

This energy obviously is the same as that consumed 
in the circuit external to the alternator, which as shown 
before, = I’ r. 

Hence (FI)? Bm = [’r 
r 

from which Rm = — 

F? 

That is, the antenna multiple resistance is equal to the 
“series” or “alternator load” resistance divided by the 
square of the feed ratio. Expressed in terms of all the 
factors involved. 


F? 


It is thus possible_to-eompitte the multiple resistance 

of the Alexanderson antenna from a few measurements 
made within the station with instruments used in ordinary 
power work. 
. Accurate measurement of the current in each down 
lead is essential, prior to making the above measurements, 
as equal divisions of current, due to physical factors sur- 
rounding the station, cannot always be obtained. -Only 
in this way can the true feed ratio be. determined, 

The multiple antenna can, under some conditions, be 


Pi 
+L Gs 


Figure 35—Equivalent circuit multi; tuned antenna, N: runswick 
Transoceanic Reais Station wm 





























used to advantage with unequal currents through the 
down leads although, in general, equality of currents 
oo the lowest resistance. This is apparent from the 
act that with unequal division some of the current has 
a longer path to travel than with equal division, making 
that particular branch of higher resistance. This also 
is obvious from the fact that if a given amount of current 
is to be passed through parallel conductors. their joint 
resistance will be less if the division of current is in 
inverse proportion to each path. 

Unequal division of current is an advantage under 
two conditions. First the “series” or “load” resistance 
of the antenna can be adapted to the voltage of the al- 
ternator, if the alternator vol cannot be adapted 
to the antenna _resistance. d, allowing 
unequal airig of current the wave | of the 
. can be changed in a much si manner 
than when equal division is maintained. Each change of 
wave length clearly requires a change in the inductance 
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of, all the down leads to maintain equal current division. 
If the inductance in all down leads is not, the same, the 
current will divide itself in inverse proportion to the 
inductance of each path. 

Further consideration will reveal that for wide changes 
of wave length it may be advisable to disconnect some 
of the down leads. 





wees nT bene — a nag Fn a antenna, New 
In order to compute the amount of inductance that is 
necessary in each down lead at some given wave length, 
the capacity of the antenna must be measured by the 
ordinary proéesses and its capacitive impedance, calcu- 
lated. This of course, must be computed for each wave 
length. The capacitive impedance for any other wave 
length can be obtained from thi§ value, since impedance 
is directly proportional to wave length. The inductive 
impedance of each down lead» should then be adjusted, 
previous to tuning of the alternator, to a value six times 
the capacitive impedance of the antenna, if six tuning 
points are used. The inductance of the down leads to the 
tuning coils can be estimated roughly and the value al- 
Sere for when placing the tap on the ground coil. 
The inductance of the tuning coils should be computed 
for different numbers of turns at different wave lengths 
and plotted in a series of graphs as in figure 30. This will 
simplify the tion of obtaining the correct inductance 
for any wave length. In case there are no means at hand 
of calibrating the rg coils, the required number. of 
turns may be selected by trial. The supposed number 
of turns required can be estimated roughly and connected 
in all six down leads, but an allowance must be made 
in the case of the station down lead for the inductance 
of the alternator (or for the inductance of the secondary 
coil of the transformer), The speed of the alternator 
may then be varied until resonance is found. If the 
number of turns sélected.tune at too long a wave length 
too mitch inductance has been inserted in the down leads, 
atid if it tunes at too short.a.wave length not enough 
inductance has been added. ies 
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A. general, description of the earthing system at the 


New Brunswick. station has been.given. In the early 
experiments.it was found that when connection was made 
from the.tap on the. down lead inductance to.the wire 
ground, the inner wires carried the greater proportion 
of current, due to the fact that. they offered less im- 
pedance than the outer wires. A more equal current 
distribution was obtained by imserting the equalizing coils 
between the line inductances and the earth wires as 
shown in detail figure 15. These coils are in inductive 
relation and are connected to pairs of the buried wires 
as there shown. The effect-was to increase the impedance 
of the wires nearest the center and therefore to force 
practically the same amount of current in the outside 
wires as in the center wires. This lowered the-antenna 
resistance from 0.9 to 0:7°ohm. 

A still better distribution of the earth cufrents was 
obtained by installing the counterpoise alteady shown 
in figure 16. Asis shown schematically in-detail A, figure 
16a, the section of the coil above the ground connection 
may, for purposes of illustration, be considered as posi- 
tive with respect to the ground and the section below 
the point at which the ground is connected may be con- 
sidered as negative with respect to the ground. The 
capacitive ground may therefore be considered as a com- 
bination of a forced and a tuned oscillation circuit. It 
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Figure 37—Fundamental circuits of s regulator of the Alexanderson 
radio uency ernator. system 


has the effect of drawing the current from the ground 
more uniformly, than with the wires lying on the ground 
or buried beneath the surface. The addition of the coun- 
terpoise in the case of the New Brunswick station re- 
duced the antenna resistance from 0.7 to 0.5 ohm. 

By suitable tuning, the total current through the down 
leads may be distributed between the capacitive ground 
and the wire ground in any desired ratio. If the wire 
ground is disconnected and the capacitive ground is tuned 
to take all the antenna current, the capacitive ground 
then takes on the characteristics of a tuned circuit. In 
this case the wire ground may be connected to the zero 
potential point.on the coil (which may be found by ex- 
periment), under which condition it forms a path to earth 
for the lightning di with no other appreciable 


S 
effect upon the system. as efficient ratio of current in 
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the wire and capacitive ground is, half of, total in each. 
The capacitive ground may be installed in separate units 
at each tuning point, or may be connected together as a 
single unit.as shown in figure 16. 

Taking: into consideration the counterpoise and buried 
wire ground, the equivalent circuit becomes that of fig- 
ure 35. 

It may be well to point out here that the design and 
construction of the grounding system for the multiple 
antenna may undergo considerable modifications in future 
high-power installations. It is probable that the system 
can be considerably simplified and yet provide a lower 














Figure 38—Graphs of Alexanderson speed control system 


antenna resistance than that obtained at the New Bruns- 
wick station. 

An antenna with a single ground and effective height 
equal to that of the New Brunswick aerial, can be as- 
signed at the wave length of 15,000 meters a radiation 
resistance of 0.06 ohm and a total resistance of 2.71 ohms. 
This is, in fact, about the values that would be obtained 
in practice. The radiation efficiency is therefore 0.06/2.71 
or 2.21%. 

As a multiple tuned antenna the resistance of the New 
Brunswick aerial is slightly under 0.5 ohm, and the 
radiation efficiency is 0.06/0.5 or 12%. ‘The radiation 
efficiency of the multiple antenna at this wave length is 
therefore 12% against 2.21% in the individual antennae. 

The radiation efficiency of the multiple antenna is very 
much higher at the wave length of 8,000 meters which 
has been found the most suitable for radio telephony. 
Thus the radiation resistance of the New Brunswick 
antenna at 8,000 meters is 0.2 ohm and the multiple 
resistance 0.6 ohm. The radiation efficiency is 0.2/0.6 
or 33%. 

It is important to note that the New Brunswick antenna 
may be operated at the wave length of 2,500. meters, 
although its natural wave length as a flat-top antenna 
is 8,000 meters. Operation at such» short-wave lengths 
obviously would not be possible with the antenna in its 
old form. The multiple resistance of the New Brunswick 
antenna at 2,500 meters is 3 ohms, and the radiation 
resistance is 2.1 ohms. The radiation efficeincy is there- 
fore 2.1/3 or 70% whereas with a single ground antenna 
the resistance at the same wave length would be about 
5.4 ohms, and the radiation efficiency, 2.1/5.4 or 40%. 

A curve showing the computed values of the radiation 
resistance of the New Brunswick antenna, at various 
wave lengths, is given in figure 36. The multiple resist- 
ance as actually measured at the wave —— of 2,500, 

600 meters is pointed out. e radiation 
efficiency at these three wave lengths should be noted, 
and also the .comparative efficiencies of the common 
antenna with the single ground and the Alexanderson 
antenna with multiple grounds, at the wave length of 
13,600 meters. © 

Although the radiation efficiency of all types of antenna 
‘decreases: with increases of wave length the smaller 
absorption obtained at the longer wave lengths offsets 
this decrease. Efficient wave lengths for trans-oceanic 
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communication have been, found to lie between 10,000 
and 20,000 meters, 

As pointed out in the July Wirevess Ace, in order 
to secure. a constant output at the alternator and to prevent 
a diminution of the received current at the receiving 
station, the speed variation of the radio frequency alter- 
nator, when signaling, must be maintained within one- 
tenth of one per cent. It is evident that the governing 
mechanism to maintain such constant speeds must come 
into such a critical state, at the motor speed to be main- 
tained, as to cause a high percentage of change in itself 
for a low percen change in speed. 

The circuits of the Alexanderson speed regulator have 
been shown in the fundamental station circuit, figure 19. 
They are shown separately in figure 37. L,, is an arma- 
ture coil which supplies a constant voltage at the fre- 
qutency of the alternator. C, and P;-are a capacity-and 
an inductance which are tuned to a frequency slightly 
above that at which the alternator is to be worked...The 
coil S, is coupled closely to P,, but not so closely as to 
affect appreciably the tuning of the resonant circuit. Eis a 
rectifier (of the G. E. Tungar or Mercury Arc type) 
which is shunted by a condenser C, of 0.16 mfd. capacity. 

M, is an auxiliary control coil of the voltage regulator. 
The latter through the contacts T,.acts to control the 
voltage of a generator K,;C, is @ condenser of 1 mfd. 
shunting the coil M,, Care is. taken that the circuit S,, 
C,, C,, is considerably off resonafice with the frequency 
of the circuit L,,, Cj;-P;, im-order that the speed held 
by the regulator may be changed with the greatest sim- 
plicity. 

N and O are variable impedances connected in the two 
phases of the power supply lines. They contain the D. C. 
control coils Be and the variable impedance. coils S,. R, 
is a liquid ,rheostat connected in the circuits of the rotor. 

The generator K,, which is driven by the motor M,, 
is provided with field current from a D. C, source of con- 
stant voltage which is varied by the rheostat R,. 

In regard to the functions of the impedances N and 
O, it may be said, in general, that with zero current in 
the control coils P,, their impedance becomes a maximum. 
If on the other hand the current through P, is such as to 
saturate the cores, their impedance becomes a minimum. 
Any intermediate value of D, C. control current will vary 
the A. C. impedance of the coils S, accordingly. 
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Figure 39—Additional graphs showi: certain characteristics of the 
sti Alexanderson pedo IPod system 


It will now be shown: how -the’motor input may be 
varied invérsely as the current fed into the coil M, 
from the resonance circuit brought from a coil in the 
armature. Since the circuit L,,, C,, P;, is resonant’ to 
a frequency slightly above that of the alternator, it will 
rene esrrimg ed ge roth a woe: Bia By cere the 9 
This will send a D. C. component through the coil 
which assists that flowing in coil M,; this causes the 


voltage r tor to maintain a lowér voltage at 
generator K,. This in tutn decreases the currerit through 


the coils P, and therefore incréasés the impedance iri the 
power: supply circuit, ing to: decrease the speed of 
the motor. When the falls slightly the rectified 
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component through the coil M, decreases, thus causing 
the voltage regulator to maintain a higher voltage on 
the generator K, and therefore increase the control cur- 
rent through P,, and thus again decrease the impedance 
in the power supply circuit. A given mean current is 
thus maintained through the control coils P,, the value 
of which is determined by the value of the current through 
M,. The speed of the driving motor is thus held constant. 
A series of phs showing the phenomena involved 
in the action of the speed regulator are shown in figure 
38 and figure 39. 
In curve A, figure 38, the “motor input” is plotted 
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Figure 40—Magnetic amplifier in simplified form 
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Figure 41—Showing inductive action of amplifier windings upon the 
control winding 


against “percent variation of normal speed” with the 
normal line voltage and frequency and with the resistance 
R, (in the rotor circuit of the motor) properly adjusted 
to provide the required power. The flat part of the curve 
to d, indicates the motor input with maximum field on 
generator K,, figure 37, which is the result obtained 
with zero current in the coil M, of the voltage regulator. 
It should be noted that the motor input with the speed 
less than 99.95% tiormal is well above that required to 
drive the alternator with the sending key closed. The 
motor will therefore increase its speed up to point d, 
where the speed regulator takes hold. From here the 
motor input drops off rapidly because of the increasing 
current in coil M, (of the voltage regulator) until its 
curve intersects curve B which represents the power 
required to drive the alternator at point e. Here the 
motor input and the power required to drive the alternator 
are equal and the speed will remain constant. 

When the key is opened, the power required to drive 
the alternator drops off to that indicated by the dotted 
line and the.surplus of power supplied to the motor speeds 
up the alternator until the motor input has dropped off 
to a value equal to that required to run the alternator 
light.-- This condition is: represented’ at the intersection 
f at 100.05% normal speed. 

Point g represents the point at which the speed regu- 
lator has decreased the motor input the maximum amount 
possible, with minimum field on generator K,; and for 
any: small increase in speed above this point, the input 
will be the same as at g. Since here the power required 
to drive the alternator is greater than that supplied to 
the motor, the motor will slow down until equality is 
obtained as at point f with the key open, or as at point e 


with the key closed. With the speed at point tf when 
the key is ed, the speed will decrease to point e, and 
when the key is opened again, it will increase again to 


that represented by f. is s variation being less 
than 0.1%, no inconvenience a ae 

If, however, the characteristics of the speed regulator 
are such that it lags in action, the speed may fall below 








Avcust, 1920 





e, before the regulator can effectively increase the power 
input. This will cause a ter variation of speed than 
would otherwise obtain. “Hunting” may then take place 
and result in a speed variation greatly in excess of the 
allowable variation for constant alternator output. Thi: 
is prevented by properly designing the whole set 

The speed held by the regulator at a given alternator 
frequency may be changed to some other value by retun- 
ing the circuit L,,, C,, P, through variation of its capacity 
or inductance. This will change curve A figure 3é. 
which will then maintain the same relation to the curve 
C, thus providing a different speed at which the power 
required to drive the alternator will equal the motor inpu: 
These conditions are represented in dotted lines in figure 
38, e’ and f representing the speeds held with the key 
closed and open respectively, and d’ the point at which 
the speed regulator takes hold. 

To obtain proper regulation the speed regulator must 
be adjusted so the. point e will be on the left or lower 
side of curve B, for on that side of the curve an increase 
in speed will incur-an increase in load (as resonance in 
the alternator antenna circuit is approached) which autc- 
matically will tend-to keep the speed down. On the other 
hand if the point e lies onthe high side of the curve b 
an increase in speed will decrease the load which will 
tend to cause still further increases of speed. This is 
prevented only by the fact that the speed regulator causes 
the motor input to fall off faster than the load falls off 
Because of the fact that better regulation is secured on 
the low side of the curve, it is called the stable side, and 
the high side the unstable side. 

If the power supplied to the driving motor is increased, 
such as by an increase in line voltage or frequency, or 
by a change in the setting of the motor circuits (such 








NG 
AK 


f NN 

















sacl steele: : 


























Ki 


MAPLSTTER DC LMETTATION. AMPERES 











> 


Figure 42—Control characteristics of the magnetic amplifier 


as a decrease in the rotor resistance of an induction mo- 
tor) the curve for motor input will rise as to A”, figure 
39. If the power supplied to the motor is decreased the 
curve of motor input will fall as to A”. 

The motor adjustment must be maintained so that 
point g on the motor input curve will be kept well below 
the power required to run the machine light (as shown 


‘ by the dotted lines) and also point d must be kept well 
above the power required to drive the alternator at max- 


imum tune of the antennae. In case point’g'is not well 
below the power required to run the’ machine light a 
surge in line voltage or frequency might increase it to 
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is closed, with a consequent falling off in signal strength 
and a swing in the pitch of the received note. 

If adjustments are made so that the conditions outlined 
above are realized, no difficulties are encountered in main- 
taining a uniform speed at any desired alternator fre- 
quency. 

This device already has been described as a variable 
impedance connected across the terminals of ‘the radio 
frequency alternator for the purpose of controlling the 
power input to the antenna circuit. Its characteristics are 
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such that a eres small current in an —— wind- 
ing is enabl reggae ene cps amperes in 
the antenna system. The amplifier performs two func- 


thus cause "the maachiat | to ‘aaa nas to e” when the key 
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Figure 45—Equivalent circuit of Figure 44 











It is apparent that should the flux produced in the core 
by the coil B be sufficient to saturate it fully, the imped- 
ance of windings A would become that o @ coil with- 
out an iron core. On the other hand, with zero current 
in the winding B, the core will be magnetized by the 
windings A, and the impedance of A will thus become 
a maximum. In general, in order to obtain large flux 
variations in the windings A, the opposing ay yi -turns 
in B must be approximately equal to those in A. Utiliz- 
ing the alternator control circuit to figure 40, the prob- 
lem is to obtain a minimum impedance in the windings 
A when the circuit to the excitation or control winding 
is closed and thus short circuit the alternator; and to 
obtain a maximum impedance when the control circuit 
is open, so that the alternator may assume within rea- 
sonable limitations its normal voltage. In this way the 
necessary variation of the antenna current for telegraphic 
signaling is secured. 

The characteristics of a magnetic amplifier operated 
in a given instance as in figure 40, are shown in the curve 
A figure 42, where antenna amperes are plotted against 
different currents in the excitation or control coil. The 
curve A shows incomplete modulation of the antenna 
current, but it should be mentioned that with this circuit 
it is possible to secure more complete modulation with 
stronger currents in the control winding. 

A more sensitive control of the alternator output to 
the antenna system can be secured by the series con- 
denser C, of re 43, for by the use of this condenser 
a much smaller control current is required to effect a 

iven variation in antenna current. If the ce of 

, is chosen to neutralize the inductance of the windings 
A’ for some definite value of excitation current in the 
control coil B, the impedance of the circuit C,, A, be- 
comes a minimum. The i at any lower excitation 
is determined by the diff between the inductive 
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Figure 47—Oscillograms of control and antenna currents using a 


reactance of the amplifier coil and the capacitive reactance 
of thé series condenser...Howevér, the smaller this dif- 
ference the lower will be amplifier excitation which gives 
minimum impedance and therefore minimum alternator 
voltage. 

The inérease in sensitiveness obtained from the series 
condenser is well shown by. the curves B and C of 
figure 42. The curve A, as already mentioned, shows the 
antenna currents for different control currents, without 
the series condenser C,. The curve B shows the control 
obtained with a series condenser of 0.33 mfd. and the 
curve C with 0.125 mfd. The curve B shows almost 
complete modulation of the antenna current. Although it 
is a matter of principal importance in radio telephony it 
is pointed out here that the curve B indicates a linear 
proportionality between control and antenna currents 
almost throughout its range. This is an essential require- 
ment for satisfactory speech reproduction in telephony. 
The excessive control indicated at the right of point B 
with the larger values of control current is a condition 
easily avoided in practice. 

In the final form of the magnetic amplifier, the con- 
densers C, and C, are inserted in the amplifier windings 
A, as ‘shown in figure 44. Their function is as follows: 
If telegraphic currents were introduced into the control 
coil. B with the condenser C, and C, absent, a short circuit 
current would flow between the branches of A without 
producing any flux variations,to the radio frequency 
current. This, however, is prevented by choosing values 
of C, and C, to have a low reactance to the radio fre- 
quency currents and a high reactance to the audio fre- 
quency currents. These condensers have no. appreciable 
effect upon the tuning of the amplifier circuit. 

In the commercial set the constants of C, are selected 
for the particular frequency at which operation is to take 
place, and it is therefore only necessary to vary the con- 
trol current in the coil B until the most complete modu- 
lation of the antenna current is obtained. In the event 
that the alternator is worked at some frequency different 
from that originally contemplated, a value of C, can be 
found for some definite value of control current in B, at 
which a minimum impedance in the amplifier coils is 
obtained. 

In summary of the foregoing the equivalent circuit of 
figure 44 will be seen to be that of. figure 45 where the 
telegraphic key K when closed reduces the impedance of 
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200-kilowatt Alexanderson alternator set for oversea radio teiephony 


the amplifier and therefore the impedance of the amplifier- 
alternator circuit. This simultaneously detunes the an- 
tenna circuit and reduces the alternator voltage. 
Characteristic curves showing the variation of alter- 
nator voltage, and change of alternator-amplifier imped- 
ance with different values of current in the excitation 
winding (for the standard 200 kw. set), are presented 
in figure 46. Thus with zero current in the control circuit 
the alternator open circuit voltage is 2,000, and approxi- 
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Figure 48—Oscillogram of transmitted signal and hoto : hic Gosord of 
received signal from New Brunswick Station at 190 words pat minute 
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mately 500 volts with 18 amperes in the control coil. 
Similarly with zero current in the control coil the alter- 
nator impedance is 67 ohms and it drops to 37+ ohms 
with 18 amperes in the control coil. Theoretical con- 
siderations Of the circuits involved and actual test show 
that this drop in alternator impedance reduces the al- 
ternater voltage and detunes the antenna ‘system to the 
extent that no more than 9%: of the total normal current 
flows inothe anténna system (when the current in: the 
control winding is zero). 

In explanation of the control current:of 18 amperes 
(fed: by a 250-volt source) in the case of ai 200 kw. in- 
stallation, it may be said that'the same variation of al- 
ternator output might be obtained with much smaller 
values of control current. The larger value is 
used to permit rapid signaling, that is, it permits the 
magnetic amplifier to function without lag: a 

Since the magnetic amplifier provides a linear control 
of the antenna current and ‘functions with small values 
of control current, it isapplicable as a modulation. device 
in radio telephony. When telephonic currents of suitable 
amplitude are passed through the control coil B, figure 44, 
similar variations of the antenna current will be obtained, 
provided the amplifier characteristics are selected to give 
linear propery otherwise inaccurate..speech _ré- 
production will result. It has been amply demonstrated 
in practice that such characteristics are réadily.obtained 
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frony the aimplifier. Thus the curves B and C, figure 42, 
both show the desired linear proportionality bétween con- 
trol currents and antenna currents, but the curve B shows 
the most complete modulation of the antenna input. 


The perfection of control provided by the ‘magnetic 
amplifier has been well demonstrated in‘a’series of tests 
made on the-50 kw. Alexanderson alterfator. With a 
télephonic ‘control current’ varying in amplitude by 0.2 
ampere, the antenna current was changed from 5.8 to 
42.7 kw., a variation of altnost 37 kilowatts. 

Figure 47 is an oscillographic record taken on the 200 
kw. set at New Brunswick N. J., with Secretary Daniels, 
of the U. S. Navy Department, at Washington, D. C., 
speaking to President Wilson aboard the U. S. S, George _ 

ashington at sea. The satisfactory operation provided 


_by the amplifier.is here again well demonstrated. 


When the Alexanderson System is used in radio tele- 
phony, the control. circuit of the amplifier is placed in the 
output circuit:of a bank of vacuum valve amplifiers. The 
input circuits’ of the amplifier bank are controlled by 
three preceding steps of vacuum tube amplifiers, which 
in'‘turn are actuated by the microphone. 

In a number of experimental tests. made*with the tele- 
ow set at New Brunswick, the voice was projected to 

uropean stations. At distances up to 2,500 miles very 
satisfactory results were obtained. 


Universal, Honeycomb and Lattice Coils 


By O. C. Roos 
FELLOW I. R. E: 
(Continued from July Wireness AGE) 


It is intended in each instalment to “overlap” slightly in regard to the reitération of basic lattice 


winding principles involved in order to save the reader the 


le of referring. in detail to the previous 


instalment where these fundamental laws of lattice winding are introduced. As = Sos laws have hitherto 
been unpublished it is believed that a good educational purpose will be served. ditor. 


RESUME oF First INSTALMENT 

Unsystematic practices in vogue in naming. various 
universal wound coils noted. 

Classification of universal, and lattice coils. 

Methods of hand-winding. 

Typical winding chart for a step-lattice coil. 

General shape factors indicated. 

Multi-lattice coils with one or several wires, and use 
in wavemeters or direction-finder loops. 

Laws of lattice pattern-formation. 

General approximate inductance formula. 

High frequency lattice transformers with ferro-dust 
dielectric cores. 

Synopsis oF SEconD INSTALMENT 


Development of lattice layer on a plane, to show true 
value of “swing-angle,” G. ‘ 
Simple analysis of relations thus exhibited. 
First working formulas shown, giving, K the “cross- 
step” or simply “step” and swing-angle, G and their 
general ‘connection with tuning efficiency, P of the coil, 


1 L 
where P = — vt 
ee Re ; 
Change of swing-angle with diameter illustrated. 
Effect of same on properties of lattice “cells.” 
Distribution of L, C and R as effected at different 
layers, by this factor. 
Suggestions for conditions of tests to secure better 
average checks on coil constants. 
Effect of. wire thickness on properties of coil. 
Cross-spiral (or simply “spiral”) lattices and their 
general relations to cross-step lattices. 
Peculiarities of lattice coils in relation to derivation of 
design formulas. - 
Effect of swing-angle G’on lattice-coil tuning efficiency, 
qualitatively considered. 





Method of converting single wire uni-lattice into single 
wire multi-lattice coils, 

General method of designing multi-lattice coils ap- 
proached. 

There is a certain angle, the “swing angle,” made by 
the winding “cross-step” with either circumference of 
the cylinder~faces.~ It directs the winding zig-zag and 
experience indicates should not be more than 30°. In 
figure 15 this is discussed in detail. 

To the left in figure 15 we have a coil frame, with a 
wire “swinging” or “stepping” from O at the “right” of 
the frame to S at the “left.” Let the plane XOY be 
tangent to the cylindrical frame along the element NO. 
If we draw OY in this plane at right angles to NO, it 
will be tangent to the circular face OVB. Let the line 
OR in the plane XOY represent the wire at a “swing 
angle” equal to G. Then if the wire OR and the plane 
is allowed to roll on to the cylinder clockwise, with the 
line OY always touching OVB, the winding OR will 
lay on the helical line OS, and will havea “swing angle” 
of G degrees. 

To make the matter still clearer, look at it from another 
point of view. Suppose that the cylinder NOVB were 
turned with its ends reversed and then rolled: clockwise 
along the line BO'Y* to the right. If we “inked in” 
the lines on the plane XOY they would all print them- 
selves on the plane X*Q*Y’, in their exact relations at 
the left and we would ‘see why the angle G of the 
“swing” is the same from point O to point S on the 
winding. Of course X'O*' and Y*O* are perpendicular. 
NS is the “angular” swing, NO is the width W, and 
O'S? may be called the “cross-step” instead of “linear 
swing,” for accuracy and brevity. 

The actual “helical” or “screw” pitch in linear measure 
is the axial distance along the cylinder traveled during 
one turn of the winding, like that of any helix, but canno 





24 THE, WIRELESS AGE 





be greater than W the width of the coil, hence the lat- 
ter is assumed given and the swing angle calculated 
from the following two simple relations. 

Rds 
First: K=—— 

360 


Where aiikagay 2 of swing—O'S' in figure 15—and 
erefore equals the “cross-step” or 
“step” po igs 
s = angular swing, in degrees. 
d=diameter of winding at a given layer. 
abies We do not say “diameter of 
rame.” 











1 K 
than m4 or W is less than 7%: In the best lattice coils its 


average value is less than —. This is shown in figure 
6 


16a, where cross-steps K, of constant angle (S) but 
varying , ate laid out. 

Figure l6a is a plane section of a lattice coil. The 
diameters of four “layers” are indicated by pairs of 
lines, at left and right. The exact properties of lattice 
“layers” will be given later. The four lines at the left 
are 2-3, X,-X,, Y,-Y, and 1-4. The winding cross-sec- 
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figure 20-a 
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Figures 15 to 2i—Diagrammatic details of coils showing dimensions, 


Second: G = sin-+ — which means that “G in the angle 


WwW” 
whose sine is — and any book of 
K ’ 


trigonometric tables gives us G as soon 
as we know W and K. G must be less 
than 30 degrees. You ask—“why ?” 
First—It saves wire. 
Second—It raises the selective power or tuning efficiency 
P of the coil, thus cutting down the damping; since 


pa Ve 
R 


From purely manufacturing considerations it is not 
common practice to build a “step-lattice” coil with the 
“swing” much greater than 180 degrees. ~- 

1 Ww 
The sine of 60° = ie hence — must be generally less 
K 





method of winding, angle of pitch and general design principles 


tion at right and left is 1234. If we take .63—the ratio 
of the diameter of any layer to its semi-circumference— 
of the width W, and lay out the swing-angles G,, G.,, 
G, and G, by joining m, n, s and t at the left to 1, X,, Y, 
and 2 at the right, we will find these angles are accurate. 
Figure 16b proves this; as it is nothing more than figure 
16a with the various layers rolled out or “developed” 
on a plane. The lettering is kept similar to that of figure 
16a. The “similar” angles G,, G,, etc.,/in both sketches 
are exactly equal. : 

These two figures show that the cell walls of lattice 
coils slowly change direction as the coil grows in diameter, 
somewhat like the pitch of a propeller blade. This means 
that there is a slight mechanical loss of rigidity in lattice 
“cells” whose linear dimensions are large and flattened 
as in figure 17a, especially when used with a small 
diameter of wire. 

The wire f,f, is called the “cross-step,” and the swing 
angle G which it makes with the face of the coil, changes 
as shown in figures 16a and 16b, so that the cell-walls 
do not receive the support of the “steps” except at a 
fraction of their length.. The dotted lines show the next 

outer set of “steps.” This is shown, greatly exaggerated, 
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in figure 18, where 1, 2, 3, 4 is a.cell in one layer and 
5, 6, 7, 8 is a cell on the next.outer layer. Here is the 
real “secret” of the lattice coil. The greater the differ- 
ence between the swing angles of successive layers, the 
smaller the distributed capacity of the coil, and the more 
economical it is of wire; since when G is small the 
time-constant is good. This change is slower near the 
outer layers, where, however, the ctective radial capacity 
per unit length of coil is also smaller, for electrical reasons. 
Since G becomes smaller as the coil diameter increases 
the inner layers are relatively inefficient in producing a 
good time-constant. Therefore it is not a fair’ test to 
use the whole coil to get the selectivity or tuning power 
1 pa 
P, which is measured by — Y — where Ro, Co and Lo 
; Ro Co 


are the radio frequency resistance, capacity and induct- 
ances. respectively. The whole coil shows up too well! 

If the winding were stopped at half the total “layers” 
to be wound, or else a “tap” taken there, a test for 
Lo, Co and Ro to represent the uncompleted coil would 
give a more just average result. The former method is 
preferable on account of capacity dead-end effects pres- 
ent in the latter method. 

It is important to remember that, the thicker the wire, 
the greater the change of swing-angle with a given 
change in number of circuits of winding and the less 
the distributed capacity always provided the spacing 
between “cell-walls” centers is kept equal to a constant 
multiple, say 3, of the diameter of wire. Otherwise, 
these wires of increased diameter in themselves have 
greater capacity and will neutralize a large part of the 
above advantage. 

SprraL LATTICEs 


It has been stated that for mechanical reasons “swings” 
or “steps” of more than 186° as given in figure 8 are 
d 

usually avoided, except when the coil has a ratio of — 


like figure 13 or else is small in diameter. 

In these circumstances we may save wire and utilize 
the rapid change swing-angle G for small diameters— 
figures 17 and 18—by making the swing angle so small 
that many turns will be completed before the winding 
makes one swing. In this case we have a “cross-spiral” 
—instead of a “cross-step”—when the winding returns 


_with 720° pitch, i.e. two turns.or more.to the starting 


point, or just beyond it, making a-uni-lattice pattern if the 
pitch is exactly two turns, i.¢. winding starts a second 
layer at the original starting point. See figure 19a. 

Now if the advance is an exact submultiple of 360° 
we have, a bi-lattice: spiral for an advance of 180°, a 
tri-lattice spiral for 120° og a and an N-fold lattice 


spiral if the advance is ——. 


A penta-lattice spiral is shown.in figure 19b with 
advance v equal to 72°. We could wind this as a five- 
wire uni-lattice spiral by starting separate wires at 0°, 
72°, 144°, 216° and 288°. By choosing the turns in each 
lattice we can design an excellent unit for replacing five 
separate wavemeter coils. 

In figure 19b we have the conditions in figure 19a 
modified to ‘show five separate windings, giving as 
many lattices, each lattice formed from a_cross-spiral. 
Colloquially we abbreviate “cross-step” and “cross- 
spiral” into “step” and “spiral” respectively. This spiral 
lattice or rather “five-spiral lattice” is shown in the for- 
ward swing of its first “layer,” but for simplicity it is 
drawn in isometric projection and as its wires 
each has only two instead of six complete turns or 2160° 
to a swing. The left face, nearest the reader, is let- 
tered OL-72L etc., to show the starting points of the 
first to the fifth wires, as indicated on the top and bot- 
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tom cylindrical elements 180L-180R,-OL,OR, by the 
one of numbers 321,54321,54, and 1543215432 respect- 
ively. 

In figure 19c we get a side view of figure 19b show- 
ing, however, the twelve turns made by the first wire 
on the pitch of 4320°, the forward and backward spirals 
crossing at the starting element and 180° away. A five- 
wire spiral-lattice with 10 terminals is the result, although 
only the beginning and ending of the second, third, fourth 
and fifth spirals are here indicated. 


d 
We have to note, in figure [9a, that — = 1.00 and the 
W 


angle G is too small here, to exhibit much change as 
the new layers are added. The layout of figure 19a is 
satisfactory, provided the “axial” or “helical” pitch 1-2, 
2-3 etc., is at least thrice the diameter of the wire used. 

The winding starts at OL—calling OL, OR the zero or 
starting element—and ends on OR. It immediately re- 
turns on the back swing of six turns (not shown) with 
a total “angular pitch” of 4320°, or twelve turns, to its 
starting point OL, and therefore, has no spiral “ad- 
vance,” or “step-advance,” as shown in figure } or in 
winding-chart figure 8, The layers simply repeat from 
OL; as no “advance” of any kind is necessary for such 
a coil, which is therefore of the uni-lattice spiral type. 

There is nothing to prevent efficient multiple-wound 
spiral lattices being used for couplers or wavemeters, etc. 














Figure 20b—A uni-lattice coil with swing 186° and advance 12° 


There is a positive advantage in it, up to four separate 
lattices, as the change in G for separate layers of the 
same lattice is greater, making the cell shape more ef- 
ficient. These corresponding “layers” for any particular 
lattice would really be four layers apart radially, and 
would have their distributed capacity correspondingly 
reduced, without reducing the inductance too much. 

It is perfectly practicable to have these “intermediate” 
wire layers—in this case, 3 layers—replaced by an insu- 
lating lattice of moisture-proof hard cord. Such insulat- 
ing lattices have been used in the past for different pur- 
poses. In regard.to the mechanics of the thing, it is a 
fact, that-in one.case, a coil of about four feet diameter 
was successfully wound “out of small diameter rope. 
Furthermore, the use of large multi-lattice coils of bare 
and insulated wire for direction-finder loops is today be- 
ing looked into, as.a promising variation both mechanical- 
ly and electrically. 

Winoinc Pecuciarities or LATTICES, IN RELATION TO 
DERIVATION OF FoRMULAS 

There are several unobtrusive points about lattice coils 
which must be constantly kept in mind. 

First: There is no “bedding” of wires at one level 
in the hollow or trough formed by the two adjacent wires 
underneath on the lower level. is is shown in the first 
diagram of this article. 

Second: The question “what is a lattice winding 
level?” is iinmatialile only by accepting a convention. 
The position of the wires in a “level” is only the same 
at certain repeated elements of the cylinder constituting 
the winding. The positions of wires in each level in a 
“layer” alternate from side to side and the levels them- 
selves have ‘their wires t radially in a liar 
way as one mentally passes a plane through the axis 
and rotates it while examining the winding. 

Third; There are small or large projecting bands 
to be allowed for in calculations o ienath. do 
not occur noticeably in form-wound coils, but lattice 
coils are not only form-wound, but when constructed of 
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coarse wire with large diameter and few turns, they 
may be with advantage wound by hand and may pur- 
posely have as much as 2.5 per cent of wire added to 
aid in “tapping” the coil at the wire “bends”—say at 
a two-inch length of are projecting from the face of the 
coil. 

Fourth: The length of the wire in a lattice coil is 
based on the turns per “double level” or “layer,” which 
is the design-unit. It is not convenient to use the “turns 
per level.” This will be shown as being due to the 
alternate changing of upper to lower levels and vice 
versa which is illustrated graphically further on in this 
article. 

Turning back to figure 20a we have the elements of 
the above peculiarities simplified. The perfectly practical 
winding-plan of figure 8 is given in sketch form. The 
symbols of figure 1 are applied, with a swing (s). of 186 
degrees and an advance (v) of 12 degrees. The develop- 
ment shown in principle in figure 15 is used in figure 
20a and the length, say, OL-360L represents the length 
of the circumference. The swing angle (G) depends, 
of course, with given cross-step K, on the width of the 
coil in a “step lattice” winding. In a spiral lattice wind- 
ing it also depends on the axial width; or rather in this 
casé, the axial length of the coil frame, provided the 
“cross-spital” is constant in length. The term “cross- 
step” or simply “step” for ordinary use, is so much more 
convenient than the descriptive term “‘linear swing” (1s) 
that no excuse is needed for dropping the latter, except 
as a purely descriptive term. The length of a series of 
steps is that of a helix of the same angular development. 
This is obvious if we imagine all the odd or even steps, 
turned symmetrically to themselves and fitted to the other 
set, arranged as parts of a broken helix on the coil 
cylinder considered as extended. The result is a perfect 
helix, which we treat under the popular generic name 
of “spiral,” 

Since the advance v, travels forward by its own length 
during a certain number of applications of the pitch to 
the circumference, it must itself be contained in the pitch 
an exact number of times. Therefore, when the pitch is 
traveled over once by the advance we have a pattern or 
a complete lattice “layer.” By “slipping” back the start- 
ing point when the “pitch” has gone beyond 360° as 
shown in figure 20b, we form a bi-lattice. 





A uni-lattice coil with swing 186° (therefore pitch 
372°) and advance 12 degrees, is shown in figure 20b 
in the full lines. If the swing 186L-12R is “slipped” 
back to 6R, losing 6 degrees-or half the advance, it will 
come around again, arriving at, say, the swing, 192L-18R, 
if continued, giving the beginning of a bi-lattice pattern. 
To continue this bi-lattice, however, this again is slipped 
back 6 degrees to 12R and the next “circuit,” which is 
defined as a revolution of the winding around the coil 
frame, starts at 12R, as it would have done originally, 
with a uni-lattice winding. Here we have the single 
wire bi-lattice winding. If we started a separate duplicate 
uni-lattice winding at 6R, and kept it separate, we would 
have a double or two-wire,bij-lattice coil. 

In figure 21 we have a value of s of about 30°. We 
are purposely showing the coil as wide enough to give 
a swing angle of 35°—an excessive amount. About 10° 
is good practice for coils about five inches external di- 
ameter. This figure also shows the winding surface more 
in detail than does figure 1. 
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An Impedance Curio 


W E ARE all prepared to find an increase of impedance 
when a condenser shunts a coil. This has been 
solved for the rejector circuit consisting of a pure capacity 
and a resistive inductance, about 1892. There are still, 
however, some very interesting properties of such circuits 
which have not been published, especially for the case 
where the capacity has leakage. In all these cases, how- 
ever, we are prepared to see a sudden change in the re- 
actance of the rejector circuit from condenser to inductor 
characteristics. 

There is another, and a simpler but far stranger ex- 
periment on reactive shunts which is shown in figure 1. 
It seems to contradict the laws of Kirchoff until mathema- 
tically investigated. It has been correctly solved by A. 
Russell and discussed by Howe, Campbell and Still. The 
writer's work has been done independently of these in- 
vestigators. In figure 1, x is a pure reactance, S is a 
pure variable resistance in shunt to x, r is a pure resist- 
ance in series with x. 

If we apply an alternating sinusoidal potential of 
amount V to x at C and B and read the current in G and 
then shunt x by S and repeat the experiment the second 
reading will of course be greater. 





You will probably say this must of course occur in all 
circumstances! Don’t be too sure! Let us restore the 
series resistance by reconnecting the potential source 
through Y to A again and then repeat the experiment 
varying the resistance S from O to infinity. 











Figure 1—Circuit of the reactive shunt under discussion 


Before we do this let us take some actual values. Let 
x = 10 reactive ohms ; let r = 5 resistive ohms. Then the 
impedance with S open, figures out as’ 11.18 ohms. For 
convenience we will assume V equals 111.8 volts, giving a 
current in G of 10 amperes. 
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Now redtice S to zero and “short” x with it. The 
current in G is 22:36 am -Increasé S and the current 
in G decreases as would be expected. ‘If we observe care- 
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Figure 2—Graph showing actual and expected impedance curves 


fully we will note that this decrease is unusually rapid. 
The majority of even experienced engineers would say 
that we could never reach as small a current as 10 amperes 
in G unless. S became infinite. This is incorrect, however 
paradoxical the statement may seem! 


The obvious proof is, first, that of experiment. Let us 
x? 


increase S to 10 ohms—i.e. to—— ohms—G now shows 


2r 

10 amperes! In other words, S makes no difference by 
its presence, except to change the current phase! 

Stranger things follow when S is'still further increas- 
ed; for G shows still less current! S has actually raised 
the impedance to a value such that the effective value of 
r has been doubled while the reactance, however, has not 
been changed, ie. Z=2r+jx at its maximum. This 
value for S giving a maximum value of Z?=4r?+-x* 

> oe 


is S => — + — (x* + 41°) &% 
ae“ 2r 


“-S = 24.14 ohms when Z or Z? is a maximum 
and Z?=100+-100 
-- Z = 14.14 ohms 
The current in Gis now 7,86 amperes. 

After this the circuit behaves normally, i.e. when S i3 
gradually increased from 24.14 ohms to QO “the current 
in G gradually increases to 10 amperes; since Z equals 

x? 
tr + jx when S equals — or infinity. 
r 

It is possible to solve the problem graphically, but it is 

advisable, at this point, to plot the graph of the impedance 
between A and B in figure 1 with S as independent 
variable. 
_ The graph is shown as the curve BFMR. The interest- 
ing points are, first—the impedance at F, or the “final” 
value of 11.18 ohms which the circuit has when S is 
opened and second, at M, when S equals 24.14 ohms and 
.Shows the-‘maximum impedance always greater than the 
final value, in this case 2.96 ohms. e curve is, of 
course, asymptotic to the line AFA. 

The clearest method of showing the relation of the 
elements which go into the formation of the impedance 
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curve shown’ in figure 2’is to consider this impedance 
ctirve resolved into its two components, R' and X, which 
are the equivalent resistance and reactance respectively 


/ 





o5 0 20 4700608 
Figure 3a-—Graph showing effective reactance and resistance curves 





Their values are: 


rS? + x? (r+ S) 


R= and 





S? + x? 
They are plotted as curves R and X in figure 3a in 
terms of varying shunt resistance, S. 
R has a maximum value when S = x. 
2r + x 


2 
R 


In this case R = 





Now the relation gives the P. F. (power- 
VR’ + x’ 
factor) between the points A and B of figure 2 and sim- 
ilar figures. The special points F and M noted in 
figure 2 have been also atid the P. F. curve shown in 
figure 3b, plotted in terms of the shunt resistance, S. 
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Figure 4—Values. of impedance at points F and M in Figure 2 


It is easily shown that the P. F. is always 100 per cent. 
at S = 0 and that there is a point of inflexion at about 
8.43 ohms for S. ; 

It is worthy of note that the series resistance F is the 
important element in producing this maximum. The 
larger r, the greater the difference between the points F 
and M as can be seen by an examination of re 4, 
where OC gives the impedance shown at point F on the 
graph in figure 2 and AC gives the maximum impedance 
shown at point M. : 

On the other hand, the increasing value of the maximum 
takes place at. decreasing values of S. This makes a 
sharper and higher maximum. 
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By examination of figure 4 we find that in figure 2 the 
maximum impedance ordinate OM is related to the 
“final” impedance ordinate OF by the equation 
(OM)? = (OF)? + 3r* 

This’ shows clearly the greater difference between OM 
and OF as r gets larger. 

Of course, when r is small, we approach the problem of 
the impedange-of.aresistance and reactance in multiple, 





S in chins @—= infinity: epen circuit 
Figure 3b—Graphic curve plotted in terms of the shunt resistance 


which exhibits nothing abnormal. Its graphical solution 
is important in order to solve the circuit of figure 1 
graphically and will now be taken up. Before going into 
details, however, the ground will be prepared for the a.c. 
graphics by first solving for d.c. multiple resistances, 
graphically. 

e graphics of two parallel resistances r and R, with 
direct current is simply the geometrical interpretation of 
























































rR 
the expression for their combined resistance 
r+R 
Figure 5 gives the well-known solution for this. Take 
8 8R 
7 7 
6 6 
5 ~ 5 
x 
4 + 4 
*sJ y 

Z ¥ 4 Pi 3 

im. s wl 

DPR p.667 
2 7 = ” 2 

4 Se 

/ 7 ‘ _—— / 
olf 0 





«hell P 
=—— this is ony arbitrary astonce ———> 
Figure 5—Chart giving the value 9 Ray multiple resistance of the two 


any desired horizontal distance on the axis of abscissas 

pas erect two ordinates at its ends. On these are laid off 

the values of r and R respectively. Join the points, say, 

4 and 8 ohms to the o ite bases of ordinates, by the 

lines RO and rO. Their intersection marks a point P 

whose distance from the axis of abscissas gives the value 
rR ; 





: r+R 
or the multiple resistance of the two branches. It clearly 
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and instantly demonstrates why such a multiple resistance 
is always less than the smaller resistance. This value, 
given by the line FP in figure 5 can itself in turn be used 
with a third parallel resistance laid off either on OR, Or or 
any other vertical line, as before, etc. Hence the graphic 
law corresponds to the most general case possible. 

If OR and Or were~similar reactive ohms, i.e, from 
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Figure 6—Diagram showing the ge of the equivalent capacitive (or 





either condensers or inductors, the same laws would ap- 
ply in figure 5. 

As a matter of fact, the general graphical law holds 
true, with all combinations of condensers and inductors 
using the extended diagram with either Or or OR negative 


-in the above construction, but it is mechanically inconven- 


ient to apply, as can be seen by inspecting figure 6 where 
it is used. Here the process is exactly the same. Lay off 
OX the inductive reactance and ox, the capacitive react- 





















5 Ee 
Figures 8 
Figures 7 to 8 c—The two impedance triangles and graphical solution of the 
mixed reactances in multiple 


ance on opposite sides of the axis of abscissas O-o. Pro- 
long the lines drawn through OX and ox till they meet at, 
say, P. The negative ordinate FP now represents the 
Xx 
equivalent capacitive (or negative) reactance ——. 
X-x 
easy to see why FP grows enormously when ox ap- 
proaches OX in value, ie. when we approach the un- 
damped resonant frequency of a branch resonant circuit. 
The values of FP go clear off any drawing-board to the 


It is 
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The impedance triangles-of-r-and- x in-series and in 
parallel are worthy of comparison ; as their phases bear a 
simple and easily remembered relation to each other. 

_ In figure 7 we have the two impedance triangles for 

“comparison. The triangle 023 is the series impedance tri- 

_angle and—omitting a constant factor for the moment—- 

045 is the parallel impedance triangle. It has the same 

_shape as 023, but displaced through the angle 305. It is 

evident that the parallel circuit behaves as if the resistance 
-and reactance changed places; since, for this case 

; xr 


Zs (x + jr) 





x? +r? 
instead of Z = (r + jx) 
The graphical problem is to get the geometrical value 


xr 
ix nin 
yx+r 
The solution is given in figures 8a, 8b and 8c: In 
figure 8a_we ay off r equals 1-2 and x e uals 2-3... Then 
Swing, 2-3ar  Thedine 1-3 
is of course = = e $2 2", Figure 8b i is the samé as 8a 
but with c as the midpoint of 1—3 as a diameter b Ai de- 
scribe,a semicircle and prolong the line 2-3 until if inter- 
sects this Semicir¢le at 4. The line 2-4-is a mean propor - 
tional between 1-2 and 2-3 or between r and x. “Hence 
we now have 2-4 = y xr. In figure ial we now cOmbine 


1-3 and 2-4 so as to get 2-6 = ae | our 
Vxi+r 5 
answer—by proceeding as follows: 2 
Lay off 2-5 equal to 1-3 and join 5 to 4. ‘ical 
pendicular at the midpoint M of 3-1 and let it. 
line 2-5 at C. With C’ as a center’and radius « 
C’-4 describe an arc cutting 2-5 >. pevtonged, at & 
line 2-6 is the required geometrical measure of the 
bined impedance. This is surely different froe 
methods used in figures 4 and 5! It is far easie® t 
than to talk about, however! = 
In figure 9 we have the promised final graphical 
tion of the im nce between A and B in figure 1 
application of figure 8a to an nce triangle 
corresponding to the triangle 045 in figure 7. 
In figure 9 we use the distance 2-6 found in figt 
and lay it off as 3-7 along the line 3-1 in figure 8a, 
3-1 represents  r*? + x? Hence 3-7 equals 2-6. 
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eer 7 xr 
* denly as ox and OX- , come back Phe ratio ot —= and when applied tox +- jr,~ 
ye as enormous positive nig or inductive reactances * #1 xt+r 
to the extreme right of mr gives the parallel impedance triangle, if we remember 
$ We are now A 
5 pmixed reactances 1@ not ‘atic 
‘ impeion ae ~~, ~ if = t 
i 
5 ¢ 
a : 
figure 9 Siaure 10 R 
Figures 9-10—Graphical solutions of the impedance curio 
- or 6. Let the combined i Mamet ofa reactance x and s 
“a resistance r mm parallel’ he 
yx? 7 ye, ee 
24 ej cam 
r? + x? r? + x? | 
: rx? a 
"where the equivalent resistance R = and the Myytse, 13-Cisemy seed. Sameheite. eeieten 
: r? + x? that the. combined resistance R and reactance X are ing 
rx terchanged, in phase. relation, as shown in figure 7, wher 
equivalent reactance X = compared to the series i 4 iy ses triangle 023. 
r? + x? So we take the portion from 2-3 or x and call it R 


and similarly take the portion 7-8 parallel to 1-2 or r and 
call it j X. Thus the “parallel Z” = R + j X and in figure 
10 by adding the series resistance r to the ,impedancé 
triangle 387 we have solved our problem completely bys 
graphical methods. 

Ow we are ready to take these results of the genera 
resistance, r, and. reactance, x, in series or parallel and 
apply them to figure 10 which is to be considered ag 
representing the arrangements shown in figure 2. i 

It is the line 7-9 in figure 10 whose paradoxical bed 
haviour we have been examining in figure 2). The greater 
the valué of r the greater the departure frofir)the usual 
behaviour of- parallel impedances. 

In closing this article I wish to call attention to a serious 
error on the part of Mr. A, Campbell who gave in thé 
London Electrician for May 6, 1910, p. 157-a'soldtion of 
the circuit shown in figure 11. He gives between A and 
B the impedance for a resistive inductance CX shunted 
by a pure resistance R and-in series with a pure resistancé 
r. It is in my notation given as 


Ir (R +.C) + RC}? + (R +0)? X* 


(R + C)* + X* | 
On inspecting this formula it looked unsétnd, ‘and | bel 
came certain of its incorrectness when C is put equal to 
zero, when we have the case we have just investigated. 


ix 








According to Campbell, for this ‘éase i 
r?_R?_+_R? X? a 

Z? = Ye 

R? + XxX? % 


whereas the correct formula is 
(RX?.+ R*r + r X*)? + Rr x? 


( R? + X?)2 f 
The absurdity of the oat formula is sollant if we lef 
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Campbell’s shorter oo gue The correct general formula) 
for fi 11 > } j : 
ay Ue CRE RY FA a tI 
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Operating Suggestions for the Raddie 


THIS prize contest which THE 
WIRELESS AGE announces. on 
“Operating Suggestions for the Radio 
Amateur” is timely and should result 
in a benefit to all stations if even only 
a few of the suggestions brought forth 
are tried out by station owners, As 
pointed out in the contest announce- 
ment, a great percentage of the ama- 
teurs operating stations either have 
given the interference problem little 
thought or are indifferent to the inter- 
ference and inconvenience they may 
be causing to brother amateurs or pro- 
fessionals by unprofessional methods 
of operating. 

Enough has been said of the neces- 
sity of proper tuning of the transmit- 
ter and we will confine our remarks to 
the handling of it after the proper ad- 
justments have been made. In the 
first place before attempting to do any 
telegraphing’the student should know 
the code thoroughly, ‘the:practice, work 
should be done on a Buzzer-set and’, 
continued until there is no hesitation 


By J. H. Tolley 
FIRST PRIZE, $10.00 


in making any character desired. The 
spacing between letters and. between 
words is very important, If the stu- 
dent will bear in mind that he is in 
fact writing when he telegraphs and 
strives to make his characters spaced 
exactly as they would appear in writ- 
ing or in print, it will result in fewer 
twenty-eight letter words at the re- 
ceiving station. The study of. the 
proper spacing is as important to the 
beginmer in telegraphy as is the study 
of tempo to the beginner in music. 
Until the student is able to take a 
newspaper and send a hundred or two 
hundred words without hesitation or 
stumbling and with uniform spacing 
between words he should not attempt 
to turn loose his skill upon the much 
abused ether. I have been chuckling 
lately when I see articles in the news- 
papers and magazines referring to 
pearl ted signals wntlecipherable being 

heard and the possibility of their be- 
ing signals front Mars. Confidential- 
ly. [feel sure that they are caused by 
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some oF the new crop of amateurs who 
reverse the process and learn the code 
last. Even after “the code it 
is an it plan to do but little 


sending and 1 This is 
the best way,” hich to attain 
efficiency in receiving. Pick out some 
station which operates im a short busi- 
ness-like way and avoids saying or re- 
erating, the same thing over and over. 

tudy his style of handling messages 
or conversation and note how he gets 
over the ground in comparison with 
the operator who insults your ability 
to receive by repeating numerous 
times. ; 

Telegraphing is the same thing as 
carrying on a conversation by word of 
mouth providing always that the static 
or interference is not breaking it 2 
and numerous repetitions. or len 
explanations are as unnecessary t = 
as in conversation by word of mouth. 
The. international abbreviations used 
in handling traffic should be commit- 
ted to»memory; at ‘least. the ones in 
most common use, so that the meaning 
of each will be recognized immediate- 
ly upon hearing it. .A copy. of this list 
should be posted in a convenient 
place also, so that a glance will be suf- 
ficient to read any abbreviation heard 
and not recognized. If this plan is fol- 
lowed out, it will be but a short time 
before the entire list is committed to 
memory. 

It is not necessary that you do some 
transmitting every time yow sit down 
to the apparatus either. Make it a 
practice ‘to ‘listen ‘for at least” five 
minutes after sitting in before you do 
any sending. This will give you an 
idea of what the conditions are like, 
and if the air is already crowdéd there 
is little use.in getting in yourself, and 
adding. to the confusion.. Just, what 
idea’ anderlies. the practice of some 
stations calling others _ frantically 
and insistently. only to say “Good 
evening, how do you get me,” when 
they receive an answer, [ am unable 
to say, but note that it is common 
practice. It would seem that if there 
is nothing more rtant to transmit 
it would not justify the interference 
and hard feeling cattsed. If the need 
of practice ‘is. felts why not de it Aspon 
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the buzzer set. instead of turning. it . 
logse upon the heads of those engaged/ + 
| applies 


in trying to get through legitimate in¢ 
formation. 

When sending messages, use the 
regulation form. This will help the 
operator on the receiving end, as he is 
probably expecting that you will do 
this, and the use of Bohemian methods 


will probably decide ,him that -he will 


see less of you tinfil’ you leatn some- 
thing about the game. . The old timers 
especially dislike to work with revolu- 
tionary newcomers and if you wish to 
stand in with them and become one of 
the gang with a standing, copy their 
style and graduate from the ranks of 
those responsible for the invention of 
the sandwich and the stove cover. 
Avoid the long call. A half dozen 
times is as good as a million if the 
other fellow is not getting you, and if 
he is getting you, one i$ sufficient, In 
signing your own station-call the same 
advice applies. If he is getting you, 
once or twice is enough. If he is not 
getting you a million repetitions do no 
good. Above all do not be one of the 
expert alibi artists. If you fail to get 
what is sent you ask for repetition and 
stop there. An explanation compris- 
ing two hundred words of why you 
did not get the twenty-five words sent 
you is uncalled for and of no interest 
to the operator at the other end. The 
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only thing of interest to him is the fact 
that yop wish him/to repeat.—This last 

mot.anly t@ ashateurs but to a 
great many operators earning their 
livelihood as such. They waste their 
own time and others by going into 
lengthy explanations as to why they 
are asking for repetition, sending 
seventy or eighty. words of this useless 
stuff when the message missed is pos 
sibly.of only twelve or fifteen words 
and could~be sent over a half dozen 
times while they are establishing an 
alibi. 

If you know that your speed in -re- 
ceiving is limited to about fifteen 
words per minute, you invite trouble 
by sending to another station at a rate 
of twenty-five words per minute for 
the reason that in all probability he 
will answer you at the same rate of 
speed and you will then be called upon 
to exercise your ingenuity in establish- 
ing an alibi, which an incredulous and 
contemptuous operator at the other 
end clearly sees through. Try always 
to make good copy, and follow the 
professional form of writing mes- 
sages ; that is, place the message num- 
ber, operator’s signs, check, date, ad- 
dress, etc., on the sheet in the same 
manner as is done in professional 
work. It is bad practice also to write 
too close behind the sender for the 
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ing, the time is fast approaching when 
the interference problem will. grow. to 
such a state that the handling of traf- 
fic at any distance on two. hundred 
meters, will be absolutely impossible, 
whereas it is merely difficult now. The 
only method of side tracking such a 
condition of affairs, lies in efficient 
control of traffic and operators in such 
a way as to reduce interference to the 
minimum, and ‘such regulation had 
much better come from the amateurs 
themselves, rather than from a. disin- 
terested government committee. Con- 
trol must be had, and it is the purpose 
of the writer to endeavor to point out 
a few ways in which such control may 
be had, from experience gleaned from 
eleven years of-amateur, commercial 
and government radio-telegraphy. op- 
erating. 

The chief cause of interference with 
long distance work on two hundred 
meters, seems to be from what. is 
known as “local” interference ; that is, 
interference within a few miles of the 
station attempting the distance work, 
Generally the cause is the use of too 
much power, by the interfering sta- 
tions, for local work. The law. dis- 
tinctly states that—“the least amount 
of power necessary to effect. reliable 
communication shall be used—” and 
amateurs are mot. exempt from exist- 
ing laws. As a rule this use of sur- 
plus power is merely thoughtless, or 
the station may not be equipped with 
any method of reducing power. This 
should by all means be done, either by 
the use of impedance coils, or what is 
a far more satisfactory method, the 
use of a low power transmitting unit, 
designed only for short range local 
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work, Several excellent articles de- 
scribing such a set have appeared in 
recent issues of the WirELESS AGE and 
any of these, if operated on a shorter 
wave than two hundred meters, will 
make an ideal local transmitter, with 
non-interfering characteristics. The 
use of a shorter wave length than two 
hundred meters, has not been as fully 
emphasized as it should be in the ama- 
teur world. 

It is of great advantage to commer- 
cial and naval stations to be provided 
with a means of changing their wave 
length and no up-to-date installation 
will be found without some such 
wave-changing device. If it is desir- 
able to use an antenna of 160 or 180 
meters natural wave length, the use of 
a shorter wave cannot be effected effh- 
ciently, but in local work, efficiency 
need not be. the prime consideration as 
distance is not the object in view. In 
such cases, then, the series condenser 
is wholly feasible, and it is suggested 
that the amateur operator, particularly 
in cities where a large number of good 
stations are located, read up on series 
condensers and their proper usage, in 
one of the many excellent handbooks 
obtainable from the Wireless Press. A 
wave as low as one hundred meters 
will be very satisfactory for all com- 
munication with other stations in the 
same city, or even nearby neighboring 
cities. The Canadian amateur before 
the war, was restricted to fifty meters, 
yet.their stations, while hanging up no 
real distance records, did. good work 
on this wave. Use a wave at least 
twenty-five meters below two hun- 
dred, and as little power as necessary 
to “get across”: and if you are sharply 
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tuned, as you should be, not nearly so 
many complaints of interference will 
be logged against you. It is a simple 
matter, should you want to talk over a 
fishing trip with your friend a few 
blocks away, to calf him on two hun- 
dred meters, where he is very likely 


‘listening, and tell him to come down to 


a hundred and fifty and listen for you. 

Leaving the question of wavelength 
and power, much can be done with the 
actual handling of the key—or rather 
not handling. First, be certain of what 
you are about to say, before you at- 
tempt to make it on the key. Don’t 
just “ramble along” using a great deal 
of unnecessary words to say some sim- 
ple thing. In this connection it can- 
not be too strongly urged, that the 
amateur operator become familiar 
with a large part of the Phillips code, 
which greatly simplifies and shortens 
transmission. Calling a station, seems 
for some operators, to be almost a rite. 
A common occurrence is the use of the 
attention sign three or four times be- 
fore commencing a call, and following 
that with a long winded call for the 
station, “DE” several times and a long 
string composed of your own call let- 
ters—usually a couple of “AR’S,” 
“K’s” and anything else which may 
catch the operator's eye while his 
glance wanders over the code chart 
follows. 

It is surprising how few amateurs, 
comparatively, know the correct forms 
for calling, acknowledging, answering 
and sending a message. This is a 
great cause of unnecessary interfer- 
ence. The conventional methods for 
each of these transmissions take into 
consideration the least number of 
parts necessary to intelligently com- 
municate, eliminating all unnecessary 

ing. 

A further cut in the conventional 








attention sign and separated by 
“DE”) may be made by shortening 
the repetition of call letters, for neat 
stations, putting in a short snappy call 
and then quitting. If the station called 
is there and not otherwise occupied he 
will answer such a call as readily as a 
long drawn one, which causes all lis- 
tening operators to sit back in disgust 
and think of you as a “ham.” It used 
to be possible to learn efficient meth- 
ods of operating by listening to the 
old commercial and naval men handle 
business, but the commercials are no 
more and the navy has found it neces- 
sary or seen fit, to make almost all of 
their stations student training stations 
and nothing can be learned from them. 
In fact it is advisable not to pattern 
your transmission after that which 
you hear today, but by far the best 
method is to obtain a copy of the reg- 
ulations now in force governing radio 
communication, which may be obtain- 
ed from the Superintendent of Docu- 
ments, Washington, D.C. These con- 
tain all the forms authorized for use 
and practice of them on a buzzer with 
actual message forms as reproduced in 
the book is the best possible training 
to carry into your actual operating. 
One rule of the utmost importance 
is perhaps the most generally disre- 
garded of them all. I refer to the pro- 
vision for listening in before transmis- 
sion. It is obvious that if a station is 
engaged with another, he cannot han- 
dle your message at the same time, 
and it should be the amateur’s “re- 
ligion” to listen a few moments before 
calling a station. He may be copying 
a station whom you cannot hear—wait 
long enough to make certain that he is 
free, then put in a short call. Remem- 
ber, too, that local men may be copy- 
ing long distance stuff unknown to 





you and you may break them up with 

call, which specifies three times for » some inquiry of a totally superfluous 
each group of call ‘lettérs (station nature. If you are asked to stop send- 
called and calling station, preceded by ing in such a case, don’t become 
eens | 
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grouchy—give the other. man a 
chance. Try to get on h with your 
local chatter by nine Almost 
every one can do this, a it is becom- 
ing generally recognized that the 
hours after that are for long distance 
work. Any amateur who persists in 
“chewing the rag” needlessly long af- 
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ter nine o'clock may soon find himself 
held in much scorn by other amateurs, 
which may result in more stringent 
action from a local club. 

In closing, the whole “sermon” may 
be summed up in the well worn, but 
nevertheless suitable phrase: “Give 
the other fellow’a chance.” 


Radio Amateur’s Ten Commandments 
By H. P. Roberts 
THIRD PRIZE, $3.00 


ye SHALL reap what ye sow, 

2. Ye shall at all times “Listen 
In”-before using that transmitting set 
of thine. 

3. Transmit not for the purpose of 
hearing thy spark, unless thou connect 
not thine antenna. 

4. A “Ham” will not enter into the 
kingdom of oscillation heaven, there- 
fore be ye not a “Ham.” 

5. Write ye first upon a manuscript 
that which thou wish to transmit. 

6. Ye shall keep a systematic record 
conscientiously, which shall be known 
as ye “Log.” 

7. Ye shall pound with thy fist 
clearly and distinctly without undue 
haste. 

8. Ye shall at all times be courteous, 
remembering that some of the weaker 
sex, which God hath given us, do like- 
wise understand that which thou say- 
eth. 

9. Ye shall have thy transmitting 
set ready to instantly answer when 
thou art called, neither shalt thou de- 
pend upon thy memory, for it be mor- 
tal and subject to mistakes, wherefor 
shalt thou copy all messages of length. 

10. Thou shalt transmit with proper 
form, waves and power prescribed by 
thy government. 


Our text for today, brethren, is up- 
on the ten commandments and is as 
follows : 

Concerning commandment 1: If 
you wish consideration and lack of 
ORM, when you want to work long 
distances, give the same consideration 
to the other fellow when he wants it. 
If you continually “99” some other fel- 
low, and think you own the air, you 
will be regarded as a ham-bug, and be 
treated so by others. 

Concerning commandment 2: If 
you call a number on the telephone 
and the operator tells you the line is 
busy, you hang up and wait. When 
the radio circuit is “busy,” just “hang 
up and wait” for your turn. You will 
in the long run get your message off 
quicker, for when the other fellow is 
through, he won’t interfere with you. 

Commandment 3 states that this 
“other fellow” is not at all interested 
in hearing your spark squeal test sig- 
nals; he really is not in the least con- 
cerned with how clear your spark 
sounds, so why not just take off your 
antenna clip, when you want to “fuss” 
with it. 

Commandment 4 warns you not to 
be a “ham,” and you know you don’t 
want to be one. If you can’t copy 20 
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words a minute, and John Jones is al- 
ways in the habit of sending at that 
rate, don’t try to talk to’ John Jones; 
talk to Jack Smith, who can only send 
ten words himself, or get busy and 
practice your speed tests on a buzzer. 
Don’t use the poor overworked ether, 
to learn the code on. 

If you will heed commandment 5, 
and write on.a blank, first, what you 
want to say, and how you want to say 
it, you will save much time in trars- 
mitting it, and also have a permanent 
record of what you did say to Jack 
Smith on the night of December 1, 
1919, when “8XYZ” in Bingville, 
writes to you later, saying he heard 
your signals on that night, and wants 
a verification. 

Commandment 6 tells you to try and 
operate your station as nearly as pos- 
sible like a commercial station. Com- 
mercial operators must be efficient, and 
if the amateur will try to follow in 
their footsteps, they will be much bet- 
ter operators, and accomplish a good 
deal more. 

Commandment 7 simply tells you to 
use “horse sense” ; to take time enough 
to send each letter, each dot and dash, 
distinctly, and not to send so quickly 
and so haphazardly as to require repe- 
tition of your whole message, and loss 
of time. Again, follow in the footsteps 
of the commercial man, and listen to 
how he sends. He was once an ama- 
teur and he has simply had more prac- 
tice and experience than you. Fof in- 
stance, watch how he sends his C’s. 
Do you notice how he holds on to the 
first dash much longer than the sec- 
ond; That is not merely the oper- 
ator’s “fist,” but it is his attempt at 
clearness, to make a distinction be- 
tween the letter C, and two N’s sent 
right together. He has many other lit- 


tle tricks which it will pay you to learn. 
Listen to them next time you hear him. 
Commandment 8 


advises you 
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against losing your temper. We are 
all of us trying to coach the beginner 
along, and when he does get on the cir- 
cuit, and is doing his best, and neces- 
sarily taking more time than you or J, 
just when you or I want to do some 
work ourselves, be a little patient. You 
and I were as bad or worse than he, 
at one time. Be courteous—always, 
You'll find. it, will get you much_far- 
ther. Besides it may be some good 
looking young lady, trying to master 
the code, and then think how you'd 
feel if she looked you up in “Hoyle,” 

Commandment 9 gives us good ad- 
vice. When you are ready to answer 
someone, and the “line” is OK, just 
remember that every other fellow also 
knows at that moment that the “line” 
is not busy, and he is liable to be get- 
ting ready to send, so don’t throw 
your switch, and then start your ro- 
tary gap, and make other little adjust- 
ments before sending; while you're 
doing all this, some other fellow may 
have started sending, without your 
knowledge, for your switch is on 
“transmitting” side. Don’t throw your 
antenna switch, unless you are all 
ready to hit the key, the instant it is 
thrown. 

Commandment 10 is one we must 
follow. It is not optional. Uncle Sam 
requires us amateurs to use not more 
than 200 meters. Don’t use 205. He 
requires us who are within five miles 
of a Government station to use not 
more than % kw. Don’t use 17/32. 
He requires the rest of us to use not 
more than 1 kw. Don’t use 1 1/10. 
Obey the law. Don’t give the radio 
amateur a bad reputation. It reflects 
on us all, and when we want the Gov- 
ernment to help us, we want to show 
that we have treated the Government 
square. Do you know that your gov- 
ernment is giving you privileges far 
beyond the hopes of amateurs in other 
countries? Be on the level! 
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The most wondertul tuner in the world for only $15.00. Last month this 
tuner beat in atest one of the NAVY STANDARDS at Ketchikan, Alaska. 


10 Captains of Ocean-going ships have had their wireless operators install one of our 
tuners in the captain’s cabin so the exact time by w.reless can be had without using either 
tube, bell, or hand. 

"WHAT IN SAM HILL WILL YOU SMART ALECS GET UP NEXT?” 
in day time and no fancy aerial is needed. A single wire about 40 long by 26 high will do the trick. London amateur W. R. 
Clifton, Bristol, promises report for the magazines to publish showing how the amateurs there read our “sigs’’ in England. 
funny wound coils and get a regular two pound tuner that you can use during the static season. 
KNOCKED DOWN AND ASSEMBLED CONDENSERS 


Made for panel mounting and are complete with scale, pointer and knob. 
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Formica tops and bases. Movable plates are screwed 
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Wireless Stations 


66 e 99 
An “Experience” Book 
Containing the best suggestions of thirty-three experimenters on 


Building, Installing and Operating 
Experimental Stations for Radio Communication 
(Compiled by J. Andrew White, Editor, THE WIRELESS AGE.) 














Profasely illustrated. 





Paper. 136 pages. 
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selection of your apparatus. 
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for the Electrical Catalog. This amount 
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Prize Contest ncement 


The subject for the new prize contest of our year-round series is: 


“A FEW CAREFULLY THOUGHT .OUT S$ OF cre THE DISTRI. 
BUTION OF WAVE LENGTHS DUS INTER-CITY 
AND LONG DISTANCE “2 NSMISSION AFP. POSSIBLE METHODS OF 


Closing date, September 1, 1920. 


Contestants are requested to submit articles at the earliest practicable 
date. 

Prize Winning Articles Will Appear in the November Issue. 

Asa result of a long series of more or less formal inter-allied radio 
conferences and, more directly, as the result of the deliberations of a 
Wave Length Regulation Committee appointed by the Secretary of 
Commerce, it is very likely that ere long a new radio law will come into 
existence which fixes the range of wave lengths for amateur stations 
between 175 and 250 meters. It is to be noted that, generally, all spark 
stations will be held between 175 and 220 meters and that 220 meters 
to 250 meters is to be used strictly for undamped wave transmission and 
modulated undamped wave transmission. 

Due to lack of appropriation, it has never been possible for our 
Department of Commerce to exercise strict control over amateur installa- 
tions. Asa result amateurs have, in the past, had a band of wave lengths 
equal or superior to that which is to be offered by the proposed law. 
Should this law be passed, it is very likely that it will be very much more 
rigidly enforced. Spark stations would then fall in a very much narrower 
hand of wave lengths than has been the case. Interference, even with 
the present “free for all” arrangement has become a very difficult problem 
and will soon become a very much more dificult one. This has been 
apparent to a great many amateurs for a long time, and it is gratifying 
to note the keen interest which has been taken by amateurs everywhere 
in recent WIrELESs AGE prize contests, which have directed amateur 
thought toward the limiting of interference by self regulation, self control 
and practice of a little unselfishness. 























PRIZE CONTEST CONDITIONS—Manuscripts on the su ajo announced above are judged 
by the Editors of Tue Wrretess Ace from the viewpoint of the ingeniousness of the idea 
esented, its practicability and general utility, originality, and clearness in the description. 
iterary ability is not needed, but neatness in geegar and drawing is taken inte account. 
Finished drawings are not required, sketches will do contest is open to everybody. The 
closing date is given in the above announcement. Tae Wrreress Ace will award the following 
prizes: First Prize, $10.00; Second Prize, $5.00; Third Prize, $3.00, in + aaeen to the regular 
Space rates paid for technical articles. . 


All manuscripts should be addressed to the Contest Editor of THe Wiretess AGE 
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SCHOOL 


NEW YORK Nautical Academy established at | 
CAPTAIN F. E. UTTMARK, PRINCIPAL 
PREPARES you thoroughly for Government License ex- 

amination for Merchant Marine and Commercial Land 
Radio. 

Special work for second grade license men in preparation 
for raise of grade. 

Electrical and Radio Theory combined with laboratory 
practice. Special course in Vacuum Tube and Radio Telephony. 
Elementary and Advanced Classes. Day and Evening Sessions. 

Write, call or phone for illustrated booklet. 


8 STATE STREET NEW YORK, N. Y. 


Facing Battery Park.. N. Y. Telephone, Bo ing Green 8079 
For Radio _ «= = —UTTMARK'S _ ‘wae For 
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Prof. A. E. Kennelly, 
Harverd University. 
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Sa we , Be Naval Communice- 
Rear Admiral W. H. G. Bullard, 
U.S. ” 


Prof. oe Y. 
College of the Cis of New York. 











(CHIEF Radio Inspector L. R. 
Krumm announces that after July 
Ist, applicants examined in his office 
for commercial radio operator’s license 
will be tested in their transmitting 
ability in sending Continental Code. 

Applicants fer Commercial First 
Grade Operator’s licenses will be re- 
quired to send 100 satisfactory code 
characters in su¢cession in a five-min- 
ute test at a 20-word-per-minute speed. 

Applicants. for Commercial Second 
Grade Operator’s license will be re- 
quired to send 60 s..:isfactory code 
characters in succession in a five-min- 
ute test at 12 words per minute speed. 

The transmissions by the applicant 
will be received by the examiner and 
will also be graphically recorded on 
a tape recorder as a check against 
transmissions in case of doubt. 

Radio schools training men who ex- 
pect to take these examinations are 
requested to prepare their students for 
‘ this transmitting test and include a 
test therein before they give the stu- 
dent the usual letter certifying that 
they have satisfactorily passed the 
course, and for which the applicant is 
allowed a 10% experience mark in 
this office. The transmitting test given 
the applicants will include characters, 
numbers and signals of all kinds used 
in the usual transmission. The con- 
ditions under which the applicant is 
tested are made as nearly similar to 
actual conditions as possible, the ap- 
plicant hearing his own note in his re- 
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Headquarters, 64 Broad Street, New York 
——— — 


Major William H. Elliott, 
American Guard. 
E. E. Bucher, 
I ing Engineer. 
Prof. Samuel Sheldon, 
Brooklyn Polytechnic Institute. 
Colonel Samuel Reber, 
Signal Corps, U. S. Army. 
Prof. Charles R. eg 
Massachusetts Institute of Technology. 

















New License Tests 


céivers and otherwise working under 
no unusual conditions. 

After July ist, examinations for 
Commercial operator’s licenses will 
be given on Mondays, Wetpenstys 
and Fridays only, except on holidays 
The examination is given at 9 A. 
in Room 603, Custom House, New 
York, and applicants should appear 
promptly with whatever documentary 
evidence they may have indicating 
their radio experience and training. 
Reservations for places should be 
made in advance as the facilities are 
limited and it is expected will be com- 
pletely utilized on each day. 


The Radio Club of Hartford, at its 
monthly meeting, decided that the first 
annual radio convention of southern 
New England would be held in Hart- 
ford. A committee was appointed by 
Vice President Edward L. Belknap, 
presiding, to decide upon the date of 
the convention and make. all necessary 
arrangements. The committee, con- 
sisting of Hiram P. Maxim, ‘chair- 
man, Louis W. Batchelder, Walter B. 
Spencer, K. B. Warner and J, L. Belk- 
nap, will report at the next meeting. 

David Moore of Farmington, a 
charter member of the club, was pres- 
ent at the meeting and told of his 
experiences as a ship’s radio operator 
during a trip around the world, from 
which he~has just returned; ~“Heteft 
New York last October, going through 
the Panama canal and then to Japan, 
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= Appliance Company 3600" Meters, $16. .00; Arnold 
— - ‘ulton Street Type, 

z gta Fy me Type, 4000 Meters, 
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= 25-Volt, 14-Amp., $2.25. Wewtorn ecisse hy 
-_ oo i. 

= oases — 3/16 x 3/16, Brenden, {Superior Head 
3 haan oe von Me ate oie Honeycomb Cotte, all sizes, 
= Marcon! Type Crystal De- rl ad 

= tector, $1.75. 

= Forest Type Crystal De- 

4 tector, $2.60. 

= Spark Gaps, 75¢, 90c, $2.00 
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= Murdock Oscillation Trans- 

= t er, $5.00. 
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‘Ask Aegicar Who Has Used It.”” 
» ¢ Users are Provers 

“T have also asked some of my 
friends all of whom say, 
‘BRANDES? Sure, get them: 
They will | positively pay for 
themselves.’ 
(Name on Request) 
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STRANDED 


“JUPITER” stntat wine 


1%e. PER:FT.—$12.00 PER M. 
7 strands No. = solid copper. The ideal 
radiator. Stro Low resistance. Ship- 
ping wt. 16 fox 3 er 1,000 ft. Send postage. 


Lee A. Bates 72, 8 Moen St. 
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. 226-E,Pulton Street, New York, N.Y., U.S.A. 


“Lasting Satisfaction 


is meagitted toa great extent by the initial 
quality’ @f the radio apparatus yow ypur- 


chase.” 

Our high grdde line of Standard-make Com- 
mercial @nd Amateur Radio equipment em- 
bodies fffe latest ideas in design and work- 


manshipy which assures you of lasting satis- 
i all operating conditions. 


#8 


Our Specialty 


is rendeding you such Service that you may 
‘alway#now your interests will be looked 
after aS to Quality and price. 


. Call on us when in town. Your wants will 
\“be quickly and Satisfactorily looked after. 


Our latest catalog is yours for 10 cents to 
cover postage. Write for it today. 


~nteriational Electric Co. 
a ~ Eugene Dynner, President 
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DIRECT READING WAVEMETER 
TYPE. 174 
Range—130—3000 Meters 


Mounted on a bakelite panel, and contained in a 
polished oak cabinet, are three coils, variable air con- 
denser, scale reading in wavelengths, sensitive Hot 
Wire Galvanometer, crystal detector, high frequency 
“buzzer and battery. 


Price $68.00 
Send for latest bulletins 
GENERAL RADIO COMPANY 


GENERAL RADIO BUILDING 
Cambridge 39, ee 
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the Philippines, Singapore, Java,-Su- 
matra.and the Cerebres Islands. He 
. returned by the way . of the Suez Ca- 


P gal, Misiting. Malta Gibraltar. 


At the ware meeting of the Lynn, 
Mass.;°séction of the Essex County 
Radio Association, the following ot- 
ficers were elected: President, Roger 
Osborn; vice president, Harry L. 
Sawyer; treasurer; Herbert: Young; 
secretary, Herbert I. ‘Stickney; ad- 
visory board, Roger Osborn and Ken- 
dall Redfield. 

Plans were made to hold a dance 
soon, using music from a wireless re- 
ceiver and loud speaking telephone to 
be demonstrated also at the coming 
General Electric field day. 

F. Glifford Estey outlined the-plans 
for the coming” season and requested 
that all Lynners interested in radio 
work get in touch with the secretary. 
Mr. Estey is president of the Essex 
County Association and urged ama- 
teurs to send wireless messages of 
interest to newspapers and magazines 
to the secretary by wireless and also 
to keep in touch with members by 
wireless. 


A Simple Lead -In 
By Emil Otto 

Alt amateurs living in the city 

have experienced the difficulty of 
constructing a suitable lead-in. The 
erection of the antenna seems to have 
been a simple problem when compared 
to the trouble of bringing the wire 
lead-in into the room. Landlords balk 
at having their walls and sashes drilled 
full of large holes and think they have 


gone far enough to allow the ama- 
teur to erect an antenna.’ Drilling 


window panes is a further task, as 
anyone will find if he tries, 
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After working some time with the 
problem, 'I came upon this solution: 
Upon a narrow screen such as is used 
for ventilation with a cloth netting in- 
stead of the usual wire, fasten a small 
board at one end with wood screws 
and drill a large hole for your entrance 
insulation. For insulation use a me- 
dium electrose tube for transmitters 
and a porcelain. tube for reception. 
Hammer a small nail under the screen 
after it is in the window and it will 
not fall when the sash is lowered. 
This screen has many advantages. 
ae is cheap, portable, adjustable to 
» Can cause no comment 
foaks the landlord, and above all, func- 
tions as it was intended and gives the 
room draughtless ventila- 
tion which is perhaps more impor- 
tant than the lead-in itself. 
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Operating Suggestions for the 
Radio Amateur 
(Continued from page 32) 
reason that if a mistake’ is made in 
sending it is written down and must 
then be-erased. Writing a word: or 
two behind the sender will result in 
better looking copys, Vv son!” 

Avoid joining the ranks of. the 
“QRA’S,” They are already over- 
crowded, I refer to the operator who 
whenever he hears a strange call must 
open up and inquire “QRA O M.” He 
is probably not O. M to you anyway, 
being a stranger. Up to date call lists 
are to be had at a very low. cost and 
reference to one of these is to be pre- 
ferred to the QRA method, 
| Don’t copy the style of the operator 

who affects a swing in his sending. It 

is odd of course, and attracts atten- 

tiop but s0 do ithe cucsts at Mattetvan 
and. many other things which miost 
; _people are shy of. The best method 
) 






of finding out what to avoid is to take 

note of what causes you to froth at the 

mouth when you are trying to get 

through sométhing and are. prevented 

) by other stations interfering. Take 

careful note of what might have been 

eliminated by them and avoid just that 
yourself in the future. 

A word of warning in conclusion. 

The Government regulations are not 

strict and interference is_ bad. 


is an unavoidable conclusion that the 
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matters and whatever form such legis- 
lation may take, it will surely place 
further restrictions upon amateur 
transmission. So, in justice to your- 
self and the many amateur station 
owners who strive to improve matters, 
get behind offending stations when 
you locate them, and if you cannot 1n- 
duce them to mend their ways by ar- 
gument, apply a little pressure. Ex- 
clude them from your clubs and meet- 
ings; refuse to work with them, and 
if necessary explain matters to the 
government inspector and ask him to 
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conditions continue to grow worse, it | 


Government will take steps to improve | 
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“At Honolulu,.H. TD. is.located the largest 
wireless station inthe world: ‘Thisstation 
‘is equipped with a 300 K. W. Crocker- 
Wheeler radio generator.” 

“Radio? pefletators were UUdsdially de- 
sigiédby the Crocker-Wheeler'Cé. for” *' 


‘Fs 


in sending messages-fsrom Funabashi, 
Japan;to* Bolinas, Catifornia,° 6512 nau- 
tical miles,”’ : 
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C.W. Motor Generator. Sets for Wire- 
less Telegraphy and Wireless Telephony 
are made for a Wide variety of purposes 
including land stations, ‘ships,’ portable 
stations, aeroplanes, dirigibles, submarine 
chasers and train signaling. 
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CrockeR-WHEELER COMPANY 


AMPERE.New JERSEY ° 
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Radion 
Receiving 
Transformer 


200 to 3000 


Meters 


Price 


at. All 
Good 
Dealers 





O UR complete line of high grade transmitting and receiving appar- 

atus has achieved an enviable reputation for reliability during 12 
years of continuous manufacture. Our pride in maintaining this repu- 
tation guarantees your satisfaction to the smallest detail. Catalogs 
mailed for 6c stamps. 


$14.00 | 
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CLAPP-EASTHAM CO. 
161 Main Street : . : Cambridge, Mass. 
Here they are 
Meraco Perfect “B” Batteries 
SS RANT ManAE Gaaen’ Tie ent = eee © S. ARMY 
AND NAVY SIGNAL CORPS. guaranteed on a back basis. Once you 
use these batteries you will use no other. Merace Perect “"B’” Batteries are 
made im three sizes and should be ordered by catalog number. 
Bp Cat. No. Cells Volts Sizes Shelf Life Price 
gA-2XPR-1K 15 22.5 Yo 4 menths $1.20 Postpaid 
'A-2XPR 2 18 22.5 Stiesths $2.20 “ 
BA.2-XPR 30 45 14x6x8 1 year $4.50 “ 


Watch this magazine for future advertisements containing our big offers. 


MERCURY RADIO APPLIANCE CO. 


DEP. D-Ti 672 Broadway Brooklyn, N. Y. 
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d Sets 


Equipped with Non-conducting 

spool heads and slotted pole 

tips which eliminate eddy 
current losses 


All operating parts of the Stromberg- 
Carlson © Head sets are housed in 
dust-proof and moisture-proof alumi- 
num cases. Diaphragm is mounted 
metal-to-metal. emperature varia- 
tion will not disturb the airgap adjust- 
ments. Each set is wound to a re- 
sistance of 2,000 ohms with pure 
copper wire and furnished te 
with 6-foot moisture-proof cord at- 
tached. This set, while it is construct- 
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get behind the unmanageable one. In 
doing this;::you »will be, doing it as 
much for yourselfas,anyone else. If 
you do nothing about it but let the 
newcomers play as they will, you also 
will be partly to blame, when stricter 
laws take from you some of the privi- 
leges now allowed. , 





Clese Your Ground Switch 


Radio amateurs should never fail to 
close the ground switch when leaving 
their apparatus. For an aerial attracts 
lightning and a thunder storm may 
come up when the operator is absent. 
If it does, and the lightning is led into 
the house, the amateur will find all 
his apparatus out of business, wrecked 
beyond repair, to say nothing of the 
responsibility of the house being set 
on fire. 





Queries Answered. 


Answers will be given in this department to 
of subscribers, covering the full range 


questions 
of wireless subjects, but only those which relate" 


to the techni phases of the art and which are 
of gen interest to readers will be published 
here. e subscriber’s name and address must be 
given in all letters and only one side of the paper 
written on; where diagrams are necessary they 
must be on a separate sheet and drawn with India 
ink, Not more than five questions of one reader 
can be answered in the same issue. To receive 
attention these rules must be rigidly observed. 
Positively no questions answered by mail. 


H. S., Brooklyn, N. Y. 


You should be able to secure transil 
oil for use in your oil condenser from 
the Service Department of your electric 
lighting company. 

* * * 


F, P. B., Portland, Oregon. 


Wiring diagram of a double rectifier and 
filter enabling the use of alternating cur- 
rent for plate supply of vacuum tubes, as 
well as dimensions of units used in this 
filter, has been printed in recent issues of 
this magazine. We hope to be able to pub- 
lish in the near future an article giving con- 
structional data to cover a step-up trans- 
former 110 to 500 volts. 


The current capacity of any rectifier tube 
is limited. If your rectifier tube will 
supply, say, 20 watts at 500 volts and your 
audion takes only 10 watts in the plate cir- 
cuit, it will be possible for you to use two 
audions with one pair of rectifier tubes. 
If you use 4 audions you will need 4 recti- 
fier tubes; 6 audions, 6 rectifier tubes, etc. 

The more tubes used, the greater will the 
range be. Usually it is not the-practice to 
use more than six tubes in multiple. Where 
tubes are connected im multiple, all grids 
are connected together, all plates together, 
and with the commercial type of vacuum 
tube, all filaments to the same lighting mem- 
ber with a separate rheostat for each fila- 
ment. 


Copper wire is best for an amateur aerial. 
Amateurs generally seem to use phosphor 
bronze. Phosphor bronze wire was origin- 
ally used in wireless installatioh because of 
its great tensile strength—it being required 
that once an antenna had been erected, it 
would maintain its position permanently, 
regardless of heavy weather. The conduc- 
tivity of phosphor bronze wire, however, is 
at best only about per cent..of that of 
copper. In-as-much as the amateur is not 
particularly concerned about the continuity 
of operation of his outfit and in-as-much as 
his are usually short ones, copper 
wire is entirely satisfactory. For 200-meter 
work a “T” antenna” is if you" are so 
located that it is possible for you to erect 
one. Next to this, perhaps the best an- 
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tenna for general amateur use is the in- 


verted .L type, although it will usually be 
found that greater range is to be had with 
a verti¢al wife afitenna, than with either 
of the above. For a given fundamental 
wavelength the. vertical wire gives the 
greatest effective height. 


* * .* 


R. D. McC., East Palestine, Ohio. 

You may obtain condensers suitable for 
use in the super hesergares receiver as de- 
scribed in the F IRELESs Ace from 
the Adams Meee » Montclair, N. J. 
Condensers supp by this concern have a 
capacity of .01 mf. and an insulation resis- 
tance upward of 25,000,000 ohms. 

You may use any. type of detector tube 


. as the detector in the above mentioned out- 


fit. This also applies.to the oscillator, but 
considerable care will need to be taken in 
the selection of the tubes for the amplifier 
for a noisy tube in the first stages of the 
amplifier will cause considerable trouble, 
due to the amplification of the noise as it 
passes from stage to stage. 
* * * 


M. M., Toronto, Canada. 


N SN are the call letters of the U. S. S. 
Conner. W B F is the call of the Tropical 
Radio Company’s station at Boston, Ties. 
We are unable to locate stations “P T A” 
and “V A V.” 


* * * 


C. R. T., Seranton, Pennsylvania. 

We presume that if you are going to 
build a lose coupler to operate on wave 
lengths between 1000 and 25000 meters, 
you expect to use a regenerative receiver 
of some type. The design of a receiving 
transformer for use with a straight detector 
is usually somewhat different both mechani- 
cally and electrically. If you will let us 
know just what t of outfit it is you 
have in mind, we will be glad to make sug- 
gestions as to its construction. 

* * * 


W. A. Clutier, Iowa. 

If you intend to use the 250-ft. antenna 
for receiving only, the Radio Inspector will 
have no objections to make. If you should 
desire to do transmitting, it will be neces- 
sary for you to put up an antenna which 
is slightly under 100 feet in length. 

* * # 


Captain A.G.B., Edinburgh, Scotland. 


With reference to the article by Mr. 
Charles R. Leutz in the January Issue 
which describes a detector and four-stage 
resistance coupled amplifier, we regret to 
say that the diagram, as well as our cor- 
rection became somewhat mixed. The al- 
teration as suggested in the April issue 
would short the “B” battery, as you have 
Stated. It was Mr. Leutz’s intention to 
use the same —_ of obtaining reaction 
as he described in his long wave’ receiver 
article printed in the September issue. As 
you have stated, and to use your words, 
the connection should be as follows: 

“Delete connection of negative terminal 
of “B” battery direct to positive terminal 
of filament battery and substitute for it a 
connection from negative terminal of “B” 
battery to the terminal marked “wing.” 

The condenser referred to at top of page 
% of the January issue as C2 is that one 
which is placed in shunt to the plate re- 
Sistance of the detector tube and therefore, 
as stated by Mr. Leutz, allows the high 
frequency oscillations to pass around the 
resistance, but, being gener: oe such small 


Value te force audio f 
Pulses hans the Se oe itself We 
Would be glad to learn of work which you 
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No’ Seals~No- Secrets-But-.Service! 


There is only one Relay Receiver the 


} iy Relay 
Receiver 


Inspection of 
the interior of 
this Receiver re- 
veals design and 
workmanship ful- 
ly in keeping with 
its outward ap- 
pearance. 

The circuits 
used are thor- 
oughly explained 

>in the .imstruc- 
tions And blue 
prints which ac- 
company each 
Receiver, 
The use of this Receiver is licensed under the original Armstrong and 
Marconi 


The GREBE RADIO guarantee is absolute and unconditional. Each instrument 
manufactured by us — give satisfactory service. Our interest in the purchaser 





does not wv the sale. 
The CR-3 rm ta my inspected at of the oars | te homme dealers: 
York New York, Chicago, St Louis 
Holt ¥> 4 Cos W, Pemes & Cn,, Wodinetwe, B. C. 
Het al Henta Cos Rowe, Se FD Fi Can tae Bese, Ba 
. S. Katzenbech, 4 Scheel eocrenky. a. 
Western Radio Electric Co., ake 


A. H. GREBE & CO., Inc., 78 Van Wyck Bivd., Richmond Hill, N. Y. 
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SOMETHING NEW! 
DUO-LATERAL WOUND COILS 


THE DUO-LATERAL COIL now being offered for the first time is not 
to be confused with any other type of machine wound inductances which 
have been on the market for some time. 

° Duo-Lateral Coil, made in various sizes for 
eneral and me application, has the follow- 
ng distinct advantages which make it superior 
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to any other coil for amateur and commercial 
work alike. 


1. Lower natural period. 

2. Lower high frequency resistance. 
‘3. Very low distributed capacity. 
4. Lower direct current resistance. 
5. Higher self inductance. 

6. Mechanically stronger. 


Bulletin P1W a, valuable engineering data, 
constants and prices of numerous sizes of Duo- 
Lateral Colts edo afer ep es j say 
u is yours for asking, - 
FACTURERS, DEALERS, JOBBERS and DIS. 
TRIBUTORS—write for our ag eis 
Go, A Hy Grebe & Co. Dubiliet Condenser Co, 
“ » @& Ie ilier r Co., 
Rigter & Byrne, Rawson Pocket timemmies Co., The Magnavox Company 


PACENT ELECTRIC COMPANY. Inc. 
Builders & Specialists of Radio, Electrical & Laboratory Equipment 
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RADIO APPARATUS 


Distributors of reliable Radio 
apparatus for Experimenters 
in every branch of the Radio 
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field. 
Vacuum Tube Detector 
and Amplifier and Two Siage > peenece * REMEMBER ' 
The sign of We carry an 
Audio Frequency Amplifier oo rail 
This detector and. unit is one of the series of inter- we ask is a and can make 
changeable Tm gp gfe RM Which the International trial. immediate 
Radio Tel of its deliv 
ery. 
Power Transformers (New type) 
eorived tn our Acme 250 Watt mounted..... $16.00 
The dete Acme 250 Watt unmounted... .13.00 
the two-st Acme. 500 Watt mounted...... 22.00 


Acme 5600 Watt unmounted. oes 
Acme 1000 Watt mounted...... 3.00 
Acme 1000 Watt unmounted. 38: 00 


F. D. Pitts Co., Boston, Maes. 


with order, 
Write to 


Centinuous Wave Power 











Transformers 
Acme 200 Watt mounted....., $290.00 
Acme 200 Watt unmounted..... 16.00 
Acme 50 Watt mounted....... 15.00 
Acme 50 Watt unmounted..... 12.00 


} F. D. Pitts Co., Boston, Mass. 





Medulation Transformers. 


; ; Acme A-3 unmounted.......... $4.50 
f Acme A-3 semi-mounted........ 5. 00 
, : Acme A-3 mounted.............. 7.00 


THE WIRELESS" OPERATOR’S : THE WIRELESS AMATEDUR’S .. F. D. Pitts Co., Boston, Mass. 
| DIARY & NOTE’ BOOK’: DIARY & NOTE BOOK arg re oe nts) 
Spédialptiees -bycscsomd o5S. «08 $1.25, Special price <\). 3b. ANY. 381,25 Ti Type. Watts Cap. Volt. Price 


vA 


BEST LEATHER IER CASE, WITH TWO POCKETS, CARD AND STAMP..|| | 32339. 250. -907 19900, $8.00 
"DIVISIONS: These" Diaries represent difterent Interests, and have been pre D-102. 1000. =.007. 21.000 =. 45.00 


pared, with different Sections to meet varying requirements. In addition to Rots ss AOR IRE. 1 SERRE SS 
Charles Letts & Co.’s Standard Diary, each Diary contains 32 pages of squared Ve oy 
Suitable for C. W. and spark coil 
paper for:curves, &c:~The-Special Sections-cover: transmitteck: 
ob settgg atch CONTENTS, F. D. Pitts Co., Boston, Mass. 
Call Power io pitia W, ~ 
Gaugest and actors Wed. tg ett val roe if ricppae Qprashed Gaps, 
Typical V Valve Caps cos Di ation "4 ap * See , ooh ont - ietions Best nie ee FLA bd g a F 3 bie Bt ot) 
irector eceiver Notes. on istance ments o posing. rm; arious avelengths. on) Te Se Ws ones 
Communications, mete, as dg oy Amrad Type G-3. 4% K. W..... 13.50 





F. D. Pitts Co., Boston, Mass, 


it kae Picsk!! Ine. |) | S26(BROADWAY, 
e ' nc.. , Ni York Telephones. 
? ew ol Brown 4000 Ohm (Imported from 
England) Supersensitive .....$20.00 
Baldwin Type E, latest model. . ,18.50 
Baldwin Type C Navy standard. .16.50 
Murdock 55’s 2000 Ohm complete 4,50 
Murdock §5’s 3000 Ohm complete 5.50 


sre te gage F. D. Pitts Co., Boston, Mass, 
SIZES Honey-Comb Coils 
‘LITZENDRAHT WIRE. 


(While they last.) 











Direct Carreat Motors 

tue sernes trove Wis a ply od sie Tr-i00  480cd460 nt 222 E70 
hee eee a, We, AE) Nese en 
%RP. + $46.50 1/4 Medinet - $2850 Hp M81 plate LE-250. 1800-4000 =“ =... 2.30 
4 heme § 50 ae $28508 LL-300 1550-4800 “ 9.00. 2:50 

Tar - $66.50 is we Nats ow 328 sdaunaien TL-400 2050-6200 “© °°. 280 
: Va iar . $46.50 LL-600 4000-12000 1.1! 3.00 
rar - sg6.50 120 - - 58-20 jh aneacnem seqgom | iiiste aumrtiges Soo HES 
tue... $8250 Va LL-1250 7000-21000 “ °.:.. 3:90 


ectan $3180 gun siug.y tht *: #12450 a gt rt 

neuatioe $3150 45 lan Rn - - 914250 , | 

110 v, 5 amp. - Po age $100 5 ar 
$5250 = 2106 


40 v, 12 amp. setahie ‘annnihbids Mekal re | | Important! Every article listed 
“bars $67.50 ——— - ~ sent to any part of the U. S. A. 


40 v, 25 amp. -- $67.50 yy wT postage | prepaid. We want. your 
ey = Jette 6 Send 6 cents for new catalog. 


\40v..S0amp. $116.50 . 
F. D. PITTS CO., Inc. 


12°Park Square Dept. B. Boston, Mass. 
U.S.A. 
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RADIO MEN 


The 
Mutual Purchasers Association 
will save you money on all | 


WIRELESS APPARATUS 
Write Dept. W.A. fordetails®| 4 
Mutual Purchasers Association 


2-4 STONE STREET, NEW YORK 
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The. “BENWOOD” 
Y QUENCHED SPARK GAP 


At imecrease your efficiency. Why | not write us about them? Also 
about your other wireless needs. . 


THE RADIO ELECTRIC COMPANY 
3807 Fifth Avenue, W. Pittsburgh, Pa. 
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NEW SHORT WAVE COUPLER No. 747 


Comes up to the CHAMBERS’ usual High Standard. Especially adapted to long distance 
Amateur work. Tunes to 800 meters. Does away withthe dead-end effect so common when 
large couplers are used for short wave reception. 
Mahogany finished woodwork. Brass sietal parts. 
Has new slider feature. Secondary has six tape. 
Wound with Red Enameled Wire, or, secondary 
with Green Silk if so ordered. 'Méasutements 
over all, length 12 inches, width 4% inches, 
height 5 inches. 


PRICE - - $10.00 


F. B. CHAMBERS & CO., 
2046 ARCH STREET - - PHILA. PA. 























Our new catalogue is here showing the 
most complete line of wireless apparatus 
ever displayed in catalogue form before. 
24 hour shipments in most all goods ship- 
ped from our own stock. This catalogue 
consists of Ra peon of welts layed 
paratus, wir kups, fadio s: 

and other interesting reading matter. 15 
cents in stamps will bring this book to 


your door. 

NOTICE 
Wireless Associations, Oolleges, Voca- 
tional, ‘Training oola ; and — Wireless 
Clubs.—A number of our new catalogues 
will be sent to a having the proper 
authority to write infor same. 
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The B & H Mounting for Radisco, 
~—"~"DeForest and other coils 
The single support allows easy change of coils with 
anipie length of rod to allow very loose coupling. 


The square rod prevents coils from Turning. Special 
Stands and Centers Made to Fder. 


THs MOST EFFICIENT 5 ON THE uigter 


at. 0 DéPGrest 
No. 1R Complete with 6 Binding flexible jeads and 3 Coil centers. AS. 00 $6.50 7.00 
No. 2R Complete with 3 Coil cen ; but without: flexible or ¢ . i . s 


Bien Coit Coniers, deivazeina) 2 ITope aE pS PS LEB. AR 
Post Gu argo Ou 
FINIS BED IN WEA oes 3 ‘OAK 


Wg JFARQUENCY, CABLE (GED 0 Oo go-go" sete | asian fob 20 


WIREL A. T. HOVEY 
"01 BELVIDERE STREET Dept..B 











Pat. Applied For 


No, 8R 


. BOSTON.17-MASS. 
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Extracts from unsolicited _ Testi- 
monials: Originals on file. 





“The set seems very well adapted 
to Radio Telephone work, and has 
given satisfaction in all ways,” 


“Regarding my » JONES: Cabinet 
set, which I received about 4 month 
ago. It works fine. My set works as 
good as any set around Detroit.” 








“Permit us to express our deepest 
satisfaction in reference .to your. re- 
ceiving set recently purchased. Ve 
exacting tests, we find it meets all 
requirements. It. certainly ‘is an ‘ideal 
set.” 
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Wireless Telephone receptio; 
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Our Receiving sets “EK highly ected “LG 

Tube Circuit, all assembled within a metal frame that 
that balance both circuits perfectly, practically eliminat 
tions, instantly, from the sepa Amateur spark, 


© complica’ tuning 
nials:, ae a fai you 


THE JONES VACUUM TUBE CABINET RECEIVING. TRANSFORMER 
The Ideal Set for the Experimenter 


Model “D”-.2../. $ 60.00 
Model “E” ...... 85.00 
Model “E-1” .. 95.00 
Model “F” ...°.. 150.00 





No dead wire in any. cir- 
cuit: ..Minimum and maxi- 
mum wave length. Simplicity 
of tuning method. Damped 
and undamped waves. 

Licetised’ under’ “Marconi 
Patent No. 763.772; also under 
Armstrong Regenerative 
‘MODEL “F” Patent No. 1113.149, 


Phy cine Te ahenlee — og) Ih" conjunction with tatest-and-most- approved-Vacuum 
y oved fr its cabinet. Fitted with modern “DEAD END” switches 

Pe BR kes Greacly increasing signal strength and selectivity. Gets all ste- 
to the Tone undamped musical note of the High Power Government Stations. Unexcelled for 
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INSTITUTE 


326 Broadway, New York City 


Telephone, Barclay 7610 








More than 200 young men are enrolled in our classes this salary by studying from three to four months at 
preparing for employment in the Merchant Marine. the Institute. 


The WI PERA Prospective applicants are urged to investigate our 
is adhe "ie pode is ya prc i + get before parering a vege ag ae by 
ors ar the greatest number of assignments to the ship serv- 

the work is unusually pleasant. ice are made in New York City. 


The junior ship operator receives $100 per © The Trans-oceanic Division of the Radio Corporation 
month, the senior $125 per month, to which is of America is in need of expert Continental Morse 
: operators. : 
added $3.00 per day subsistence pay when the ship Write us for facts regarding the present radio. situ- 
is in port. atiae. 


You may enjoy the life of a globe-trotter and receive We have more than 6,000 graduates to our credit. 
AMERICA’S FOREMOST SCHOOL 
FOR INSTRUCTION IN 
WIRELESS TELEGRAPH Y 


Afternoon and Evening Classes throughout the year. 


Branch School: New Call Building, New Montgomery St., San Francisco, Cal. 
; Address all inquiries to Director of Instruction 
“a en 
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N E W Here are the newest books out on the subject that in- 
terests you most. 
| RADIO They will bring you knowledge of the subjects covered 








BOOKS tight up to the minute. Every book by an expert. 






















































The Thermionic Valve and its Developments in Telephony Without Wires 
Radio Telegraphy and Telephony. By Philip R. Coursey, D.Se., A.M.LE.E. 
By J. A. Fleming, M.A. D.Se. ines 414 pages. ‘> Price 

279 es. ce 
| 144 Steams mud THIGWUPACIONS. cece ccc cctocceess + mes $5.00 260 diagrams and illustrations...................... $5.00 
Wireless Telegraphy and Telephony Radio Engineering Principles 
i First Principles, Present Practice and Testing. By Lauer and Brown. 
By H. M. Dowsett, M.LE.E. dee aga by Major General George O. Squier. oes 
331 4 Price 5 rice 
| 386 Uiagrafan and itustrations.....6.jccs++-es.scens ss IRR RSE AS IES Ri pl aaa $3.50 
| 
| Selected Studies in El J J The Elementa: aus See T It i _. Wirel 
A Hand Book for the wireless student and Amateur. Kad + 8S yap gaereaaltellt es eccuaa 
By E. Blake, A.M.LE.E. . By RK. DB. Bangay. 
j 176 pages. Price 215 Rese. Price 
43 diagrams and illustrations. .......0cseseeseeeeeves $2.00 110 diagrams an@ illustrations........................ $2.75 
Wireless Transmission of Photographs Alternating Current Work 
i By M. J. Martin An Outline for Studénts of Wireless Telegraphy. 

Revised and Enlarged Edition. By A. Shore, A.M.LE.E. 
143 pages, Price 163 Price 
Fully filustrated NS BRASS. un So eatthawas v cveepe ckaewe $2.00 86 diagrams and illustrations.....................0.. $1.75 











Send All Orders to 


‘WIRELESS PRESS, 326 - 328 Broadway, New York | 
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JOHN FIRTH 6 COMPANY, Tae. 
8 1 NEW STREET. N E W YoRK 
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SC”.E DISTRIBUTORS OF THE BALDWIN MICA DIAPHRAGM 
TELEPHONES, BALANCED: ARMATURE TYPE. THE MOST SEN- 
SITIVE TELEPHONE ON THE MARKET, STANDARDIZED BY 
THE NAVIES OF THE WORLD. SCIENTIFIC INVESTIGATORS 
PRONQUNCE THE BALDWIN “TYPE E” THE ONLY PHONE SUIT- 
ABLE FOR USE. WITH THE MARCONI VACUUM TUBE. 


Type C—Navy Standard Type E—Newest Type 
Type F—Smailer Type 
Write for Catalogue 
—E——_———————eeee ee eee eee 


MANUFACTURERS OF U. S, NAVY STANDARD LEYDEN JARS, 
SILVER AND COPPER DEPOSIT, KOLSTER PORTABLE DECRE- 
METERS, WAVE METERS, AND ALL HIGH CLASS MEASURING 
INSTRUMENTS. 
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Federal Radio Accessories and Parts 


Are Distinguished for Their 
Reliability, Quality and Efficiency 


WRITE FOR BULLETIN 101 AND 102 
































. federal Type A, "226 Transformer 
V7 ClassI 71Class 2 . 
Detector 
| erm: 
No. 226-W Type A parte, | No. 52-W 2200 Ohms 
) AUDIO FREQUENCY alee 
; telts 


Transformer LIBERTY HEAD SET 
$7.10 each CIRCUIT WITH TWO STAGE AMPLIFIER $12.50 per set 


One 226-W Transformer. with Marconi V. T. gives an energy amplification of 400 times. 
(Audibility amplification of 20 times.) 

Two 226-W Transformers with two Marconi V. T.’s give an energy amplification of 160,000 times. 

ee (Aadibility amplification of 400 times.) ss 


Federal Telegraph and Telephone Co. 


Buffalo, New York 
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Meeting ee Picmetices in. ‘Wireless. Sines 


‘When’ tHe “cfists cdmiés. ‘in “Wireless Service and” Entergency’ Lighting, ‘the 
‘Exide’, Battery is the most dependable sourcesof power. Its always ready to 
fulfill the obligation to which it is bound—meeting the emergency when all other 
sources of power-fail. 

Back of “SExide” is 32 years of battery building experience of the oldest 
storage battery manufacturer in America, and the largest in the ‘world. 

Bulletin 175 describes and illustrates “JExide’* as adapted to this particular 
field. We will be glad to mail you a ‘copy upon request. 


THEELECTRIC STORAGE BATTERY C0: 


The largest manufacturer of storage batteries in the world 











1888 PHILADELPHIA, PA. 1920 
New York wT" 4 j : ~ Washington enver|( Geatracies St. Loui 
Stamagalle rs pene, mT Kise Kansas City ~ Pisebareh jetroit Rackester 


Special Canadian Representative—Chas..E. Goad: Engineering Co., Limited, Toronto and Montreal 
Batteries are made by this Company for every storage battery purpose. 








“Bunnell Instruments Always Satisfy 
Our J ove Detectors,.Sim umples est and Best 


Beware of Tifringing 
Sample mailed for $2.00 Tested oe Guaranteed Galena 25 cents 
Our Keys, ye Gaps, Condensers, Transformers, etc., are eo grade but inexpensive 


rhe eg of Standard Electric Novelty ‘Cyclone’ Audion 
Batteri Also De Forest, and all other makes of Pwinslose Apparatus. 


Ghegan Patent Send stamp for our No. 2-W Camler. 


J.-H.-BUNNELL-&CO,...---—-- -32-Park.Place,-New-York-Gity; N: Y. 




















‘The “Atlantic Radio Lompany Variable Condenser 














THE ATLANTIC RADIO COMPANY VARIABLE CONDENSER, illustrated above, is made in 
two capacities—. 0005 Mfd, and .001 Mfd. The rotary plates are rounded on one end, affording a straight- 
line capacity—a valuable feature in wave meter work. The condenser is furnished unmounted only, but 
with the addition of Dial and Knob, if desired. Dial is moulded composition, scale in white—0-100 
reading. Bakelite Knob. We can guarantee this condenser in every way as to quality, reliability and 
satisfaction.,, The low price is decidedly an innovation. 


Ca apecity. Unmounted.. With Dial and Knob. 
.0005 Mfd._ - $5.00 $6.00 
.001 Mfd. = 6.25 7.25 


» “BULLETIN: 14”describing and:illustrating the’ best in RADIO EQUIP- 


MENT will be mailed-upom receipt of 10 cents in stamps—this amount may 
be deducted on first order 6f°$1.00 or over. 


AT. wl aehaae She RADIO. CO.,.Inc 


TORS Rp co” 
88 BROAD STREET. BOSTON 9, MASS. 
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When writing to advertisers please’ mention THE WIRELESS AGE 
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BAKELITE - DILECTO 


Manufacturers! 


Wireless apparatus for commercial, experimental and amateur use 
has recently moved a considerable number of notches ahead. 


Yesterday’s Construction Don’t Go Today 


Handsome appearance must be combined with efficient working. 
The true enthusiast looks for both in the apparatus he buys 
nowadays. 


This is particularly true of the insulation used. And the engineers 
and amateurs of widest experience have learned that when genuine 


is used, SATISFACTION is SURE. 


Combine the popularity of this wonderful insulation with the best 


BAKELITE-DILECTO—and watch your sales grow. 





BAKELITE-DILECTO WILL CUT YOUR MANUFACTURI NG COSTS— 


because it comes in sheets, rods and tubes. This means the mini- 
mum of fitting work. It is waterproof, permanent and strong. 





We also manufacture Vulcanized Fibre and Conite for special insu- 
lating purposes. 





Write us about your requirements. Our engineers will gladly show you how our products 
will solve your insulating problems. 


THE CONTINENTAL FIBRE CO. 
NEWARK, DELAWARE 


233 Broadway, New York City. 332 S. Michigan Ave., Chicago, IIl. 
525 Market St., San Francisco, Cal. 411 S. Main St., Los Angeles, Cal 
Cor. King and Yorge Sts., Toronto, Ontario, Canada. 301 Fifth Ave., Pittsburgh, Pa 
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work you can do. Tell your customers that you use the genuine 
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‘RIM necessities of war required the development of 

J a Standard Induction Coil, powerful enough to prop- 
agate signals of great intensity over short distances, 
rugged enough to outlive the hazards of everyday trench 


service, dependable enough to entirely pre- 
clude the possibility of failure at the critical 
moment. The Amrad Induction Coil—a 
product of American engineering, met the 
supreme test of the hour in characteristic 
American fashion. Honorably discharged 
from the battlefields of France, it is now 
available in a new form best adapted to 
meet the peace-time demand for a standard 


induction coil capable of maintaining 
reliable communication over moderate 
distances. As the Amrad Induction Coil 
is the only available coil especially design- 
ed for short wave radiotelegraphy it is 
unquestionably she standard and as such 
merits no comparison. Bulletin P con- 
taining full description sent upon request. 
Prices: 6 volt, $35.75; 32 volt, $38.50. 





Dealers: 
locality. 


Become the recognized Amrad Retailer in your 
Write for our new terms made effective June 15th. 


Radio Operators. Send us your station call letters and name of nearest radio retailer and we 
will place you on our mailing list for one year, forwarding our latest bulletins as issued. 


AMERICAN [RADIO AND [RESEARCH (ORPORATION| 


15 Park Row Factory and Laboratory 
New York Medford Hillside, Mass. © 








Address all Communications to New York 








